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Abstract 
Business/IT Alignment is an information systems research field with a long 
existence and a high number of researchers and represents a central thinking 
direction over the entanglement between business and information systems. It 
aims to achieve a paradigm, on which there is a high degree of visibility and 
availability of information about the information systems sociomateriality.  
Complex-networks constitute an approach to the study of the emergent properties 
of complex-systems that strongly focuses and relies on models and measures, 
through which the system interdependence is built. Several characteristics of 
complex-networks are: structural or functional topology; domain independent; 
quantification of elements’ relationships; visibility and capture of emergent 
properties. 
This thesis aims to contribute for the appropriate use of complex-networks’ 
models and measures in the effort of the Business/IT Alignment. It outlines a 
profiling framework that introduces a global analysis of the information systems 
enactment. The profiling framework is applied to exploratory cases to uncover the 
emergent nature of the Business/IT Alignment through its information systems 
virtual organization. From the analysis of the exploratory cases, information 
systems efforts to accomplish Business/IT Alignment are inferred.  
 
Keywords: Information Systems, Complex-Networks, Emergent, Sociomateriality, 
Business/IT Alignment, Profiling Framework.
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Resumo 
O alinhamento entre o negócio e o IT é um campo de investigação com uma 
longa existência e concentrando um grande numero de investigadores 
representando uma direção central no pensamento sobre a relação entre o 
negocio e o IT. Pretende alcançar um paradigma no qual existe um elevado grau 
de visibilidade e disponibilidade de informação sobre a relação sociomaterial que 
constitui o  sistema de informação. 
As redes-complexas constituem uma abordagem ao estudo de propriedades 
emergentes de sistemas-complexos e que se foca e sustenta em modelos e 
medidas através das quais constrói a interdependência do sistema. Diversas 
contribuições das redes complexas são: a topologia estrutural e funcional afecta 
sempre a função; separada do domínio de aplicação; quantificação das relações 
entre os elementos; visibilidade e captura de propriedades emergentes. 
Esta tese espera contribuir para a utilização adequada aos sistemas de 
informação dos modelos e medidas das redes-complexas no esforços de 
alinhamento entre o negócio e o IT. Desenvolve uma framework de 
caracterização que introduz uma análise global aos sistemas de informação. A 
framework é aplicada a casos exploratórios de forma a revelar a natureza 
emergente do alinhamento entre o negócio e o IT através da organização virtual 
dos sistemas de informação 
 
Palavras chave: Sistemas de Informação, Negócio/Alinhamento de IT, Redes-
Complexas,   Emergente , Sociomaterial, Framework de Caracterização.
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1 
Introduction 
 
1.1   Introduction 
Since the introduction of technologically grounded solutions for organization 
sustainability support, that the need to align the technological design with the 
social acceptance is a factor of interest. Moreover, it turned out to be a central 
focus in the information systems research.  Many of the information systems 
researchers tackled that through the understanding and modelling of the 
entanglement (Beynon-Davies, 2010) phenomenon between the technology and 
users focused in the “WHAT” to align. Examples of that are the TOGAF (Gerber, 
Kotzé & Van der Merwe, 2010) and Zachman (Zachman, 1999) frameworks of 
the enterprise architecture. 
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However, in recent years, more and more researchers apprehended that the 
entanglement of users and technology, although start from a set of 
predetermined designed conditions, sustained on the “WHAT”, developed 
emergent enactment. Emergent enactment occurs among users, technologies, 
and institutional context identified in the research literature sometimes as 
workarounds or misfits (Alter, 2008; Bernroider, 2008) (Maurer, Berente & 
Goodhue, 2012). Moreover, users are changing their relation with the technology 
as the so called digital immigrants (E. Wang, Myers & Sundaram, 2012) are old-
fashioned by the so called digital natives and the ubiquity of technology, in the 
advent of the Internet, is crossing fundamental lines and refunding old paradigms 
supporting positively the individuality of common based information systems 
(Baskerville, 2011).  
Accordingly, IS scholars are gradually moving away from the traditional static, 
reductionist view of the entanglement, to conceptual models highlighting the 
entanglement process as complex. The complexity resulting from the emergent 
enactment only exists on the whole. To have an entity that describes this 
emergent enactment as a whole is fundamental. A virtual organization (VO) can 
describe this coordination of complexity, as well as the interdependent power 
relationships and decision-making within the emergent enactment entanglement.  
VOs are a phenomenon supported by the concepts of ubiquitous information 
systems (Tilvawala, Myers & Sundaram, 2012) and mass collaboration (Tapscott 
& Williams, 2008). Entities such as individuals, groups, enterprise units or entire 
organizations, collaborate to accomplish common goals. A VO represents a linked 
structure of that infrastructures collaboration. This allows the VO to assume an 
increasingly prominent function in the context of today’s dynamic linking (Nami & 
Tavangarian, 2007). 
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Virtual organizations extend the vision of Peppard (Peppard & Ward, 2004) 
information systems competencies and Steve Alter work systems (Alter, 2008). 
VOs emerge through the rationalization between IT and social behaviour, to 
achieve the business goals. They define the complex nature of the information 
technology enactment and the information system as a whole. 
In fact, IT alignment with business is best described not as a one dimension 
phenomenon but as a superset of multiple, simultaneous component 
entanglements that bring together an organization’s structure, strategy, and 
culture at several levels (IT, business unit, and corporate), with all their inherent 
demands. It becomes a sociomaterial construction as defined by Orlikowski 
(Orlikowski & Scott, 2008). It emphasizes principles of interdependence and 
coevolution. Plus decision-making and business processes are being overhauled 
to fit better with “networked” organizations that defy old hierarchical models 
(Chan, 2002). 
Given the significance of the phenomenon and the availability of information 
technology (IT), would naturally expected, that IS research had developed and 
accumulated rich and robust findings about the underlying properties and 
mechanisms of the emergent enactment. However, a previous examination of the 
information systems literature (Nan, 2011) it seems to indicate otherwise. We 
consider that this lack of research findings is caused by the inherent conflict 
between the traditions of information systems research and the complex nature 
of the emergent enactment. In order to capture the emergent enactment, 
researchers must look beyond traditional information systems research 
perspectives as largely defended for some information systems researchers 
(Baskerville, 2011; Baskerville, Pries-Heje & Madsen, 2011). 
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We are surrounded by complex-systems, from cells (made of thousands of 
molecules), to society (a collection of billions of interacting individuals) and 
enterprises (associations of individuals, technology and products). In these 
complex-systems there are visible characteristics of emergence and self-
organization (Amaral & Uzzi, 2007). Complex-networks concepts are becoming a 
common approach to model and measure the complex-systems with a 
fundamental concern that the anatomy of the “HOW” affects the function 
(Strogatz, 2001). 
The principles of complex-networks are understood as a theoretical lens and a 
tool particularly suitable for capturing the emergent enactment as a whole. 
Instead of reducing a phenomenon to a set of causal variables and an error term, 
the complex-networks demonstrate how aggregated structures arise from simple 
representations and interactions of microstate events within a context. The 
complex-networks allow opportunities to analyse the emergent phenomena 
without abstracting away the entanglement. Accordingly, are viable for a more 
comprehensive and cross-level research in the drive of the information systems 
sociomaterial coevolution (Orlikowski, 2007). 
1.2   Goals and Methodology 
This thesis attempts to contribute to the information systems research by going 
beyond traditional alignment perspectives and proposing a framework to profile 
the emergent dimension of the information systems enactment. In particular, it 
aims to study the applicability of the tenets and the instruments of the complex-
networks theory, to the information systems field regarding the understanding of 
Business/IT Alignment. 
 
Introduction 
 I-9 
The main goals for this thesis are: 
• To define an approach to study the emergent dimension of the information 
system enactment supported in the adoption of the complex-networks 
modelling and measuring. 
• To adopt the resulting models and measures to support the Business/IT 
Alignment efforts. 
In order to methodologically validate the development of expected results this 
research assumes an interpretivist paradigm methodologically developed using 
exploratory cases. It analyses three different information systems in scope and 
dimension, in two different organizations. This strategy uses each of the 
information system as a separate exploratory case, which facilitates the analysis 
and sustains the achieved results by accepting the Yin (2003) understanding that 
the analysis and “(...) the findings likely to be more robust than having only a 
single case” (R. K. Yin, 2003). 
The exploratory cases illustrate that the use of complex-network analysis 
demands particular attention in the definition of network elements and their 
connectivity for achieving a proper and suitable data describing the information 
system entanglement. A realistic situation is often complex and non-deterministic, 
which thwarts the understanding of what is happening, especially in studies of 
explanatory purposes. On the other hand, “the control reduces the degree of 
realism, sometimes leading to the real influential factors (Runeson & Höst, 2009)” 
settled outside the scope of the study. 
The exploratory case is an experimental method aimed at investigating the 
phenomenon in the context (Runeson & Höst, 2009). Exploratory cases are by 
definition conducted in the real world settings, having a high degree of realism. 
Chapter 1 
 I-10 
However, this realism achievement happens through a lack of the level of control. 
The data collected in experimental case studies may be quantitative or qualitative. 
The key characteristics of an exploratory case are (Runeson & Höst, 2009): 
• Flexibility for managing the complex and dynamical characteristics of a 
real world phenomenon. 
• Conclusions based on the value of evidence.  
• Knowledge extending through new or previously established theories. 
However, according to Yin (R. K. Yin, 2003), five components of a research are 
important: (i) the research questions; (ii) the study propositions; (iii) the unit of 
analysis; (iv) the logic linking the data and the propositions; (v) the criteria for 
interpreting the findings. Next paragraphs instantiate these components for this 
study.  
1.3   Research Strategy 
The research question  
The research question is of major importance. The analysis of the information 
system enactment aims to provide understanding for answering the following 
question: 
• Can we discover the emergent information system entanglement by 
adopting complex-networks models and measurements? 
Proposition 
This component states the elements and structures that are of central attention 
in the development of the study. Regarding this Yin states “(...) each proposition 
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directs attention to something that should be examined within the scope of study” 
(R. K. Yin, 2003). 
As a proposition, it is considered that the complex-networks elements regarding 
the dimensions of the information systems alignment are of crucial importance to 
the capability of the approach to deal with the emergent properties of the 
information systems entanglement. Among these elements, models and 
measures have a special interest as they have a major influence on the 
understanding of the sociomaterial enactment. Revealing the topology, the 
modeling allows analyzing the emergent virtual organization and its Business/IT 
Alignment capability. Revealing the measures, it quantifies the topological reality 
of the Business/IT Alignment model. 
Unit of analysis 
This component is related as fundamental for defining what the case is. The 
information system described in each exploratory case is the main unit of 
analysis. 
Linking data to propositions and criteria for 
interpreting results 
Regarding these last two components, linking the data to propositions and the 
criteria for interpreting the findings, Yin further states “The fourth and fifth 
components have been the least well developed in case studies” (R. K. Yin, 
2003). As general strategy, it is followed the theoretical propositions of the 
exploratory case. More specifically, this study consists of three exploratory cases 
resulting in lessons learned that consolidate the findings. 
Additionally, to assist the linking of the information gathered from the exploratory 
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cases with the theoretical proposition (related to the importance of the complex-
networks modeling and measuring (CN-2M) of the information systems emergent 
virtual organization) it is conceived and applied a profiling framework. Its 
dimensions (may be seen as design, which may be uncommon in common 
exploratory cases) can be nearly framed in the context of the Information 
Systems Design Science Research approach (Peffers, Tuunanen, Rothenberger & 
Chatterjee, 2008) and its general methodology (Figure 1.1).  
Figure 1. 1 Information systems design science research model (DSRM) (Peffers et al., 2008). 
In this context, these dimensions may be seen as a contribution in the assistance 
to the analysis of exploratory cases aimed to model and measure the emergent 
information system to infer the Business/IT Alignment. 
The interpretation of the study’s findings is mainly based on criteria of the 
suitability level to support information system emergent virtual organization 
modeling and measuring from the sociomaterial enactment. 
This thesis uses three exploratory cases that focused their adoption in a 
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Business/IT Alignment approach. The first exploratory case is about a BPM 
(Business Process Modeling) refunding process supported in a CRM (Customer 
Relationship Management) software solution. The second exploratory case is 
about an ERP (Enterprise Resource Planning) adoption. The third exploratory 
case is about a Web Portal sustainability and organizational transversal support. 
These exploratory cases are selected for this work as they are based on 
corresponding scientific and subject areas, and are developed in the institution 
where the author of this thesis works and in cooperation with process mining 
company. Because the author did this thesis while working, this option was the 
one that better guaranteed the possibility of developing the exploratory cases. 
1.4   Contributions 
This thesis contributes with structuring elements and its inherent 
conceptualization that allows a better understanding of the Business/IT 
Alignment. Moreover, improves the possibility to accommodate heterogeneity of 
the technological innovations and users interactions, and changes on functional 
requirements. The following paragraphs present the main contributions. 
• Adopting the complex-networks approach.  Complex-networks 
are described as suitable to be adopted in the study of the information 
systems emergent virtual organization. 
• Business IT/Alignment dimensions. A set of four analytical 
dimensions is described in consonance with the adoption of the 
complex-network approach. These dimension are used to profile the 
Business/IT Alignment as an emergent property of the information 
systems virtual organization. 
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• Profiling Framework. The thesis defines a profiling framework that 
introduces, integrates and describes the models and measures that 
sustain the four dimensions relevant to the Business/IT Alignment. 
This profiling framework is a mechanism to study the emergent virtual 
organizations resulting from the information systems sociomaterial 
enactment. 
1.5   Structure of this Document 
This document is structured in nine chapters grouped into five parts. Generically, 
all chapters are preceded by a chapter cover that exposes a table of contents 
aiming to facilitate immediate perception and access of the main headlines of the 
chapter. Following that chapter cover, a mind map image of the chapter is 
presented, aiming to briefly synthesize the main chapter content. The several 
sections of the chapter come after the summary, starting with a section of 
introduction and ending with a section of conclusion; between those, exist the 
sections pertinent to that chapter thematic. 
The nine chapters of this document are grouped as described bellow and their 
main content are: 
Part I – Introduction 
Chapter 1: Introduction. This chapter introduces the areas of research, the 
goals and research strategy, contribution, and document structure. The area of 
research is the information systems Business/IT Alignment. 
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Part II – Theory 
Chapter 2: Alignment through Enactment Modelling. This chapter 
introduces the origins, characteristics, research, business opportunities, and 
connectivity concerns of information systems alignment, and ends presenting the 
concept of information systems as an emergent virtual organization. 
Chapter 3: Complex-network Multidimensional Analytics. This chapter 
presents Complex-Network Analysis (CN’a), an approach to study design and 
development that strongly focuses and relies on models gathered from raw data. 
Interest and focus on models arise again today with a further emphasis due to 
developments that resulted on the establishment of important, widely known, and 
accepted standards. This chapter also presents the computing and meaningful 
measures to study information systems behavior, which fostered the research 
and establishment of development practices based on models. Additionally 
presents two well know network models, their characteristics and how they affect 
the conceptualization of the information system. It concludes with considerations 
about research efforts needed for effective complex-networks development 
practice. 
Part III – Research Approach 
Chapter 4: Presentation of the Exploratory Cases. This chapter presents 
the three exploratory cases that this thesis uses in order to help the identification 
of issues pertaining to the modelling and measuring of information system 
behavior from their connectivity. The exploratory cases common characteristics, 
issues, and challenges pertaining to information systems characteristics are 
presented. 
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Chapter 5: The Profiling Framework. This chapter presents conceptual 
structures to assist the modelling and measuring of the information systems 
emergent virtual organization. It presents the Profiling Framework and its 
development patterns. 
Part IV – Exploratory cases 
Chapter 6: The BPM Exploratory Case. This chapter revisits the BPM 
exploratory case in order to proceed with the modelling and measuring through 
the profiling framework. 
Chapter 7: The ERP Exploratory Case. This chapter revisits the ERP 
exploratory case in order to proceed with the modelling and measuring through 
the profiling framework. 
Chapter 8: The Web Portal Exploratory Case. This chapter revisits the Web 
Portal exploratory case in order to proceed with the modelling and measuring 
through the profiling framework. 
Part V – Conclusions 
Chapter 9: Conclusions. This chapter presents the conclusions about the 
work performed. It presents guidelines for future work and research in order to 
expand and solidify the knowledge about complex-network analysis of the 
information system emergent virtual organization in the efforts to Business/IT 
Alignment. 
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2 
Alignment through Enactment 
Modelling 
 
2.1   Introduction 
It is not difficult to argue that over the years information systems research, dedicated 
a high volume of time and resources to the understanding of the alignment, between 
the organization and information technology, as a determinant of organizational 
sustainability (Chan, 2002). That understanding supports the enterprise architecture 
theoretical position focused on the "WHAT" as technological agency, over human 
agency focused on the "HOW" (Leonard, 2008).  
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That position developed information technology characteristics to augment reality 
possibilities to achieve that alignment. It developed concepts such as Agile 
development (Mircea & Andreescu, 2010), Commercial Off The Shelf software (COTS) 
(Yang, Bhuta, Boehm & Port, 2005) or Service Oriented Architectures (SOA) 
(Papazoglou, 2003; Papazoglou, Traverso, Dustdar & Leymann, 2008; Papazoglou & 
Georgakopoulos, 2003; Papazoglou & van den Heuvel, 2007). They completely and 
lastingly transformed the way organizations understand information technology, 
nowadays (Figure 2.1). Information technology has come to be ubiquitous. 
 
 
Figure 2. 1 The alignment confluence adapted from (Walker, 2007). 
This transformation is so dramatic that Nicolas Carr challenged that "IT doesn’t 
matter” (Carr, 2004) and, Davenport assumed that processes would become simple 
commodities (Davenport, 2005). Moreover, evolving from a long existence of GRID 
architecture, this transformation commercially consolidated under the Cloud concepts 
(Mell & Grance, 2011). 
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The theoretical position of technological agency assumes that users enact technology 
in prescribed ways. However, it is observable that “They can use it minimally, invoke 
it individually or collaboratively, and improvise in ways that produce novel and 
unanticipated consequences (Boudreau & Robey, 2005).” This observation advises 
that is the enactment of information technology that produces shapes, and not simply 
its existence (Leonardi & Barley, 2010). 
The ubiquity of technology and observations guided information system scholars to 
argue that, information systems are emergent from enactment in practice (Orlikowski, 
2007). Designer images of enactment are partial since improvised action occurs in 
practice, taking features for purposes other than initially intended (Alter, 2012). As 
enactment occurs in practice, significant organizational changes may result over time. 
In a social agency perspective, information systems competencies are not only 
realized from the representation of social process into technology. Rather, "[...] every 
engagement with a technology is temporally and contextually provisional, and thus 
there is, in every use, always the possibility of a different structure (Boudreau & Robey, 
2005).” The information systems competencies (Peppard & Ward, 2004) are virtual 
organizations from the practice. 
Orlikowski defines this phenomenon as the sociomaterial construction of information 
systems competencies (Orlikowski & Scott, 2008). It represents a constructivist 
voluntarism vision (Leonardi & Barley, 2010) of information systems structures. The 
information systems virtual organizations turn into functional models of the enterprise 
architecture and the alignment becomes closely related with the emergent virtual 
information system organization. 
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Functional models facilitate the understanding of the enactment in practice and can 
represent the emergent virtual organizations of information system structures 
(competencies). They can destroy or create the conditions for the enterprise 
architecture to achieve alignment (Wand & Weber, 2002) (M, A, R, H S & J, 2007). 
However, capturing and using information systems virtual organizations and the 
necessary model acquisition approach and dimensions remain challenging. 
Determined on capturing organization’s “WHAT”, enterprise architectures provide 
process-centred, and role-based languages not concerned with emergence resulting 
from the enactment of IT prearranged subjects. The virtual organization that performs 
the work (work system), when perform it and “HOW” social and IT interact with each 
other, are not also a concern. 
2.2   Business/IT Alignment 
Y. E. Chan in a 2007 research paper (Chan & Reich, 2007) reports the long time 
information systems research regarding the alignment problem across a revision 
of the 150 most influential papers. That paper mostly represents alignment 
research supported into Henderson et all (Henderson & Venkatraman, 1989) 
alignment four dimensions (Figure 2.2). In 2008, a research paper by Leonard 
(Leonard, 2008) reproduced that alignment research is probably focusing into 
the wrong structures. 
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Figure 2. 2 “What” to align extracted from (Henderson & Venkatraman, 1989). 
The nature of addressing alignment resists to the understanding of the 
ubiquitous nature of technology and its effect on enterprise architecture 
alignment conceptualization. Leonard (Leonard, 2008) reproduces that research 
about alignment focus on the WHAT (Figure 2.2), when it should be focusing on 
the HOW. It is not the technological resource or social that creates the 
organizational uniqueness: it is their entanglement from practice. 
Moreover, the ubiquity of technology takes the alignment entanglement to a 
multilevel of enactment (Figure 2.3). It blurs the boundaries between the 
information system (IS) and business function and increases the unpredictability 
regarding the consequences of technology leading change and strategizing in 
situations of very rapid change (Leonard, 2008; Truex, Baskerville & Klein, 
1999). 
  
Figure 1
The Proposed Strategic Alignment Model
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2.2 Strategic Integration
It is perhaps a truism that effective management requires both the positioning
of the organization in the external environment (marketplace) and the arrangement
of the internal structure ana processes necessary to execute the positioning strategy
(Andrews, 1980; Thompson, 1967). This form of alignment has been used
(Venkatraman and Camillus, 1984) to discuss the role of strategy in a general theory
of organizations (Snow and Miles, 1983). Snow and Miles note that strategy is best
viewed as the combination of"external alignment and internal arrangement".
Neither external alignment (strategy formulation) nor internal arrangement
-5-
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The information systems come to be conceptualized from a set of structures that 
entangled, by an enactment, produce a rational system (Figure 2.3). The 
resulting entanglement defined as an information systems competency by 
(Peppard & Ward, 2004) and as working systems by Alter (Alter, 2010) is an 
enacted virtual organization (VO) of the available resources  (Camarinha-Matos, 
2005; Mowshowitz, 1997). 
 
Figure 2. 3 The Information systems conceptual entanglement. 
The alignment, results from the information systems emergent VO, in a context of IT 
and social dynamic entanglements through a rationalization between IT and social 
behavior to achieve a goal (Mowshowitz, 1997; Nami & Tavangarian, 2007). It 
reproduces the recent interest of using human agency in studies of technology in 
organizations. Moreover, reflects a shift from technological determinism toward a 
more balanced constructivist voluntarism that absorbs both human agency and 
technological constraints (Leonard, 2008). 
“[...] the material and the social mutually and emergently produce one 
another, as people, entangled with a variety of technologies, carry out their 
daily practices. From this perspective, then, material objects are interwoven 
with, and inseparable from, social activity (Orlikowski, 2007).” 
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The study of the alignment is the understanding of “HOW” entanglement (virtual 
organization of IT and social) emerges from the installed base of resources. This 
resource-based view (RBV) (Orlikowski & Scott, 2008) supports that it is by the 
entanglement of the resources available that organizations are able to achieve unique 
structures and empower advantages. However, an important conclusion of the RBV is 
that only some resources are significant to the organizational sustainability and are 
able to contribute to the information system alignment (Bharadwaj, 2000). Those 
virtual organizations are then the core identity of the information system and the 
structures that can shape organizations’ sustainability. 
Virtual organizations are a phenomenon of the twenty first century supported by the 
nineties virtuality concepts. Entities such as individuals, groups, enterprise units or 
entire organizations, collaborate to accomplish their common goals. A virtual 
organization (VO) represents a linked structure of infrastructures collaboration. This 
allows the VO to assume an increasingly prominent function in the context of today’s 
dynamic linking (Nami & Tavangarian, 2007). 
VO describes the central coordination structure that governs interdependence, as well 
as the power relationships and decision-making within the entanglement. They extend 
the vision of Peppard (Peppard & Ward, 2004) information systems competencies 
and Steve Alter work systems (Alter, 2008). Virtual organizations are emergent, from 
the rationalization between IT and social behaviour, to achieve business goals. They 
define the complex nature of the information technology enactment and the 
information system as a whole. 
The installed base of information technology resources come to be increasingly more 
a result from departmental choices or users than perfectly planned projects of 
technology development and adoption. (Tilvawala et al., 2012) (Baskerville, 2011). 
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The information systems manager evolves to the exploitation of the installed based 
rather than its definer, becoming focused on unique virtual organization 
entanglements that emerge from enactment in practice. 
However, exploitation of the information systems as an emergent virtual organization 
to promote alignment remains difficult. Information systems have not yet learned how 
to dissipate the entropy of organization’s non-linear changes. This draws the attention 
to the need to create and maintain shared views of the emerging virtual organizations.  
Enterprise modelling can be valuable for this purpose. However, it requires not only 
capturing and representing the structural behaviour (processes and resources), but 
also uncovering and representing the actual behaviour of its members, identifying 
their interdependence and functional behaviour (Zacarias, Pinto, Magalhaes & Tribolet, 
2010). 
2.3   Enterprise Architecture and Modelling 
From the continuous process of representing and keeping aligned the elements 
required for the management of the organization results the enterprise architecture (P. 
Sousa, Caetano & Vasconcelos, 2006). However, its major value it is also its most 
critical weakness: the representation of the whole system dynamics.  
There is an architectural foundation for any information system; in fact, an information 
system by its nature cannot be built without any level of understanding about the 
parts, which compose it. Information systems defined by (Lyytinen & Newman, 2008) 
are an “[…] organizational system that consists of technical, organizational and 
semiotic elements which are all re-organized and expanded during ISD (information 
systems development) to serve an organizational purpose”. Moreover according to 
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(Paul, 2007) “[…] information systems is what emerges, from the usage and 
adaptation of the IT (information technology) and the formal and informal processes of 
all of its users”.  
The enterprise architecture (EA) is the holistic view of conceptual, logical and physical 
entanglements of agents (and the environment) to understand the complexity and 
manage the structures, to enable alignment, performance, value, change and 
integration (Figure 2.4). It allows the conceptualization and understanding of an ought-
to-be from an as-is. 
Examples of this holistic view are, but not limited to, Business Architecture, Process 
Architecture, Value Architecture, Data Architecture, Information Architecture, Cloud 
Architecture, Solution Architecture, Application Architecture, Platform Architecture, 
Infrastructure Architecture, Technology Architecture and Service Oriented Architecture. 
 
Figure 2. 4 Enterprise Architecture value prepositions adapted from (Walker, 2007). 
However, the development of those value propositions (Figure 2.4) through the 
enterprise architecture is still in its infancy (Jonkers et al., 2006). The two best known 
EA, the Zachman (Zachman, 1999) and TOGAF frameworks give a high level of detail 
about the dimension that should be considered when aligning, the “WHAT”, but little 
help on the “HOW” (Jonkers et al., 2006).  
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The ZACHMAN Framework 
It provides a view of the subjects and models needed for complete developing or/and 
documenting the enterprise architecture (Zachman, 1999; 2008). This framework 
provides a basic structure which supports the organization, access, integration, 
development, management and changing with a set of architectural representations of 
the organization’s information system. It uses a matrix structure of 30 cells and five 
perspectives of the overall architecture with six classifications of the various artefacts 
of the architecture as well as flow diagrams. 
In this framework, an organization has a whole range of diagrams and documents 
representing different aspects or viewpoints that can be developed. In the extended 
framework for information systems’ architecture there is made a meta-model for cell 
data, classification of data, processes or network.  
A documentation type is suggested for each cell in the matrix.  The entity relation (ER) 
technique for modelling the data description, or using functional flow diagrams for 
modelling the process description, are possible suggestions (Zachman, 1999). It as 
no specific associated methodologies and only a set of major principles and rules exist, 
working as a guide. Nothing is said about viewpoints for processes development or 
the associated order. 
The TOGAF framework 
The Open Group Architecture Framework commonly known as TOGAF is an industry 
standard architecture framework. It may be used freely by any organization wishing to 
develop enterprise architecture descriptions for the use within that organization. It 
describes a comprehensive architecture framework and methodology, which enable 
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the design, evaluation and implementation of the right architecture for an enterprise 
(Gerber et al., 2010). 
It allows and enables designing, evaluating, and building the right architecture for any 
organization, supported on a set of well-defined tools. A central element is the 
Architecture Development Method (ADM). It has three fundamental parts (Leist & 
Zellner, 2006): ADM, Enterprise continuum and Resource base. 
ADM forms the core structure for TOGAF being able to detail procedure model in 
order to develop descriptions of enterprise architecture. It describes the different type 
of inputs and outputs but does not show guidelines and uses the ER as a 
formalization model (Leist & Zellner, 2006). 
The virtual organization perspective 
To create an integrated perspective on an enterprise, techniques are needed for 
describing architectures in a coherent and able to be communicated manner. 
Enterprise Modelling (EM) is the abstract representation, description and definition of 
an environment, system or entity in the physical, social, or logical world (Zacarias et 
al., 2010). 
Enterprise modelling is the discipline of representing and replicating the modelling 
area, in order to have a simplified representation of the reality. Then it sculptures, 
forms and designs/redesigns the specific modelling area. Without a modelling of 
these processes, it is practically impossible to make the islands of the enterprise 
come together as an archipelago. At this point the Enterprise Modelling (EM) acts as a 
tool, to build images of islands interdependence. 
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Examples are, but not limited to: Service Model Renewal, Process Optimization, 
Process Improvement, Business Model, Value Management, Performance 
Management, Measurements, Rules Modelling, Information Modelling, Rules 
Modelling, Reporting, Strategy Management, ITIL (Information Technology 
Infrastructure Library), COBIT (Control Objectives for Information and related 
Technology) and BPM (Business Process Model) Notations. 
Those perspectives resulted in the modelling of information systems competencies 
and its deployment at the business level to improve organization performance (Figure 
2.5). Competencies are well known as working as a catalyst and an answer to the 
change. However, their development remains shorter for the announced 
organizational expectations (Luna-Reyes, Zhang, Gil-Garcia & Cresswell, 2005). As a 
consequence, they are not well integrated, or integrated at all, into the Enterprise 
Architecture in order to be strategically used and augment the probability of improving 
business performance. 
 
Figure 2. 5 IS competencies extracted from (Peppard & Ward, 2004). 
These observations resulted into the consciousness that the competencies also result 
from a non-linear process, emerging from the interdependency between technology 
and social, as a sociomaterial construction (Orlikowski & Scott, 2008). The nature of 
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competencies becomes a virtual entanglement of agents that can be represented as a 
virtual organization (Nami & Tavangarian, 2007).  
The virtual organizations result from a linking between the social and technological 
tools with a set of designed and programmed commodities (user level). The 
developers’ understanding and conception of reality limits those commodities by 
representing the expected (typical) use (SaaS 1  and IaaS 2 ). Moreover, the actors 
enactment in a particular moment cannot be predicted and then predetermined and 
integrated into the information technology (Truex et al., 1999) (Figure 2.6). 
 
Figure 2. 6 Virtual organization of the entanglement phenomenon. 
The constant state of organizational change and non-linear enactment forces the 
information systems to be in a process where “[...] systems should be under constant 
development, can never be fully specified and are subject to constant adjustment and 
adaptation (Truex et al., 1999)”. The sociomaterial construction of the competencies 
                                         
1 Software as a Service 
2 Infrastructure as a Service 
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described by (Orlikowski & Scott, 2008) explains this as emergent competencies from 
the practice represented as Virtual Organization (VO) structures (Figure 2.6). 
Information systems grow as a virtual organization structure (Figure 2.6) incorporating 
dynamic entanglement for alignment with organizational change. As a VO 
conceptualization, the enactment is an EM tool for the alignment. Technology and 
users are at the same level, and they mutually constrain the sociomaterial 
construction of the structure. The main characteristic of the VO is its structure (form) 
and the one that when modelled reveals the distinctive nature of the information 
system enacted by the sociomateriality (Figure 2.6). 
While dependent of practice, the information systems VO main characteristic, is the 
possibility to be characterized by the IT use construct (Nan, 2011). Moreover, when 
entangling the IT solution from any perspective, user, department or organizational 
strategy, the IT use construct captures its enactment. Additionally, represents the 
dependency of the VO from the resources initial conditions. The IT use construct 
depends on the availability of transaction logs, interaction logs and security logs.  
The IT use construct, represents the interdependence between, users, IT features, 
and processes. Interdependence is expressed by users’ adoption of IT features, 
constraints imposed by IT features, IT use behaviours and work requirements. 
Recently, the IT use, turn out to be appointed as a representation of the multilevel 
nature of the enactment. Additionally, an important aspect of IT use is revelling 
properties of top-down and bottom-up change decisions (Jasperson, Carter & Zmud, 
2005; Nan, 2011). 
A unique feature of the EM is its ability to represent different interests in terms of 
different but interrelated dimensions (Zacarias et al., 2010). However, achieving it 
requires not only capturing and representing organizational processes and resources, 
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but also uncovering the emergent VO. The modelling of the information systems 
emergent virtual organization is a vision of the whole entanglement that results from 
enactment and assumes a nature of complex behavior. 
“[...] complex behavior of the system as a whole emerges from the 
interaction of large number of simpler components, and in which the 
system is able to adapt, that is automatically improve its performance 
over time in relation with previously defined. (M. Mitchell, 2006) 
Information systems’ emergent virtual organization modelling translates the unique 
enactment of the resources and its entanglement as emergent from practice, 
representing context adaptations (Figure 2.7). It reproduces models of reality from 
which infer HOW to align and gives insights to the alignment research challenges such 
as the nature of the enactment of the systems by the digital natives (Tilvawala et al., 
2012) or the development of individual information systems (Baskerville et al., 2011). 
 
Figure 2. 7 Inference as a change function. 
The dynamic construction of the alignment is a cycle of continuous modelling from IT 
use (enactment) to functional behavior that emerges from practice. From modelled 
functional enactment, are inferred changes (function of selective inference) in order to 
increase the expectation of alignment (Figure 2.7). However, it seems that information 
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systems scholars avoid or slight studies related to nonlinear enactment, even though 
nonlinear enactment represents much of information systems practice. 
The modelling approach of the current frameworks presents some limitations in 
satisfying the modelling of the VO. These limitations mainly stem from a deterministic 
view of the organizations. This way of modelling does not reflect the complexity and 
adaptability of the structures, or the context aware nature of the enactment in practice. 
2.4   Modelling the Emergent VO 
The alignment is a dynamic emergent process of entanglement that results from the 
interdependence between IT and social in practice. The model of this entanglement, 
virtual organization, as a whole, depends on dimensions that must reflect the 
sociomaterial construction of the entanglement. We considered four dimensions of the 
information systems emergent virtual organization. 
First, integration, describing how nearby are the constituting elements of the structure. 
Second and third, segregation and centrality, focus on the drivers and constraints of 
the structure. Fourth, resilience, describing the ability of the structure to dissipate 
unpredictability. These dimensions are interdependent as a change in a dimension 
affects the elements of the other dimensions, across a region of relevance. 
The dimensions resulted from the research into two domains. Firstly, and naturally, 
organizational and information systems research domain. Second, the research 
regarding the human brain, as a biological structure that has a base of resources, 
grain matter and white matter that constitute the basis of all emergent behaviour. The 
Table 2.1 describes the dimensions. 
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Table 2. 1 Information systems virtual organization dimensions. 
Dimension Organization / IS Human Brain 
Segregation 
(Baldwin, Boardman & Sauser, 2013; 
Schelling, 1971) 
(Rubinov & Sporns, 2010; Tononi, 
Sporns & Edelman, 1994) 
Integration 
(Bygstad, Nielsen & Munkvold, 2010; 
J. Lee & Siau, 2003; Sun, Zhang, 
Chen, Zhang & Liang, 2007) 
(Sporns, Tononi & Kötter, 2005; 
Tononi et al., 1994) 
Centrality 
(Grassi, Stefani & Torriero, 2010; Tang, 
Musolesi, Mascolo, Latora & Nicosia, 
2010) 
 (Bullmore & Sporns, 2009; Sporns et 
al., 2005) 
Resilience 
(Ignatiadis & Nandhakumar, 2006) (Bullmore & Sporns, 2009; Sporns et 
al., 2005) 
2.4.1  Segregation 
The segregation property is a well-established representation of social issues in a 
neighbourhood. The information systems emergent VO results from a rationalization of 
a pre-defined aggregation, fundamentally represented by the predetermined working 
rules. This dimension represents the unique entanglement of the VO sociomaterial 
network. 
Schelling cited by (Baldwin et al., 2013) defines that “[…] segregation emerges 
naturally even with a weak preference for similar traits. In perhaps his most famous 
finding in this area, Schelling used agents representing neighbours in a 
neighbourhood and concluded that segregated neighbourhoods form naturally as a 
result of innocuous preferences, even though individuals hold no animosity toward 
another trait or group. The term agent refers to an artificial entity that can respond to 
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some external factor, in this case, the similarity of a neighbouring agent. If each 
individual desires at least some neighbours to share the same trait, segregation is not 
only possible but highly likely.” 
The segregation is a representation of the VO agents that have affinities to work 
together as they entangle in practice. The notion is that agents get separated by many 
ways, some of which can be technological constraints, practice of organizations or 
individual choices (Schelling, 1971). The segregation becomes a tipping point where 
the model of this entanglement can make a big difference. Schelling pointed out the 
emergent theory of tipping. The tipping point theory is explored in the book “The 
Tipping Point - How Little Things Can Make a Big Difference” by Malcolm Gladwell 
(2000). Don Tapscott in the book “Wikinomics – How mass collaboration changes 
everything ” (2008) points out the power of the difference. 
The segregation represents also the functional separation of the different functional 
structures of initial conditions (resources) and their integration into the information 
systems emergent virtual organization behaviour (Tononi et al., 1994). The “[…] 
segregation in the brain is the ability for specialized processing to occur within densely 
interconnected groups of brain regions (Rubinov & Sporns, 2010).” This dimension is 
about the kinds of segregation - or separation, or sorting - that can result from the 
subjective individual behavior. By subjective is meant the reflection of a sense making, 
an awareness, conscious or unconscious, that influences behaviour (Schelling, 1971). 
2.4.2  Integration 
According to Webster as cited by (Bygstad et al., 2010), integration is “a combination 
and coordination of separate and diverse elements into a more complete or 
harmonious whole’. The integration denotes reciprocity between social and assembly 
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of the technological entanglement (Bygstad et al., 2010). A sociomaterial practice 
approach must build on both these definitions, in the sense that it relates to two very 
different research traditions. 
The integration concept estimates the ease of the information flow. It defines the 
global efficiency of the evaluated entanglement. Integration describes the extent to 
which a given agent is distant from others in the network, describing the ability to 
entangle specialization from distributed elements rapidly (Bygstad et al., 2010). This 
emphasizes that integration involves the integration plans, but cannot be planned in 
detail.  
In a sociomaterial practice context, integration aims at creating a working solution that 
includes both social and technical elements. A successful development of VO depends 
more on a successful enactment of integration than on detailed integration 
specification process. The “[…] integration in the brain is the ability to rapidly combine 
specialized information from distributed brain regions (Rubinov & Sporns, 2010)”. The 
process of integration is known to be complex as different domains converge and 
understanding the entanglement can only be achieved at the macroscopic level of the 
whole.  
2.4.3  Centrality 
Centrality represents the influencer’s dimension that exists in any entanglement. An 
influencer is something or someone that can cause changes that affect the virtual 
organization, and can be as diverse as any of the elements that are part of the 
entanglement. The VO entanglement network has elements with different roles and 
influence as a consequence of its composition diversity. The centrality dimension 
accomplishes its characterization (Bullmore & Sporns, 2009). This dimension 
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characterizes agents linking to manage the information flow and constitute a base for 
the resilience of the VO.  
It depends from the initial condition, such as defined IT and social aggregation, and 
can show the influencers of change and workarounds. It is associated with power and 
influences the flow of decisions. The centrality analyses the nature of the power in the 
entanglement that is under evaluation. Information technology is mostly determined in 
the requirements phase as a driver for the information systems better results. 
2.4.4  Resilience 
The final dimension is one of the must expected information system properties, 
resilience. It is represented by the expectation that the system will remain working 
even when some agents or structures fail, or organization structure changes (Butler & 
Gray, 2006). It represents the manifesto of the system theory (Gunaratne, 2003) and 
the determinant that the VO is an open system.  
The resilience represents the fragility of the VO. It is related with the number of agents 
that compose the system and the connectivity (Bullmore & Sporns, 2009). VO 
connectivity influences the capacity of changes that affect functional information 
systems activity. Resilience defines the ability of the structure to dissipate entropy 
(Gunaratne, 2003). 
2.5   Conclusions 
Through this chapter, we explained that to achieve alignment it is essential to 
incorporate into the enterprise architecture the nature of information systems virtual 
organization. Moreover, the multilevel architecture of the information systems virtual 
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organization, enacted in practice, is a unique, emergent structure, from the 
organizational initial conditions. 
The alignment has long been a research concern for the information systems 
community as stated by the study of Chan and Reich (Chan & Reich, 2007). 
Additionally the level of development of technology and user relation with technology 
as suffered dramatic changes and adoption. This fundamentally determines the 
conception of information systems competencies, resulting from the entanglement 
between information technology and social, to solve a concrete need. These 
competencies are emergent from the practice. They are a virtual organization of an 
installed base. 
Four modelling dimensions of the information systems VO are presented as 
characterizing this emergent VO. They result in an understandable model of enacted 
alignment according to organizational change. From the enterprise architecture 
perspective, the modelling of the emergent VO represents an opportunity to improve 
agility of alignment athwart with the “HOW” to align. 
The efforts made, until now, use a technology agency and develop agility uniquely 
regarding technology integration, physical or virtual, developing interaction models 
through the availability of connectivity through structural architectural models. 
However, the modelling dimension of information systems’ emergent VO, as the 
entanglement from practice between information technology and social, is a tipping 
point. 
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3 
Complex-Networks Multidimensional 
Analytics 
 
3.1   Introduction 
Complex-systems encircle us, from the brain (with billions of neurons), to society 
(billions of role based interacting individuals) and organizations (sociomaterial 
interacting creations). In these complex-systems are discoverable emergent (Barabasi, 
2007) network entanglements. This entanglement happens from the orchestrated 
local enactment of the components. 
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Information systems consist of large-scale structures of people, and IT infrastructures 
embedded in a dense network of communications and computing infrastructures, 
whose enactment defines systems dynamics and evolution. (Hoffman, Norman & 
Vagners, 2009; Nan, 2011). Information systems, while complex-systems, adapt and 
evolve according to the organizations’ dynamics, through the enactment of elements 
connectivity. Virtual organizations are a possible conceptualization of that enactment. 
To understand the enactment of complex-systems is indispensable to characterize its 
patterns. Complex-network measurements and modelling is one approach (González 
& Barabasi, 2007; Nan, 2011). Resulting knowledge can be used to anticipate, 
evaluate risks, and eventually manage future developments. Moreover, they allow the 
conceptualization of the system ought-to-be. 
One of the pragmatic examples, is weather forecasting, where sophisticated 
supercomputer infrastructures integrate heterogeneous data for a complex systemic 
perspective (Vespignani, 2009). It is possible to produce images of weather 
forecasting, but we do not yet have large-scale organizational quantitative patterns of 
information systems emergent enactment. Why have we not achieved the quantitative 
conceptualization of the information system ought-to-be, for augmented organizations’ 
sustainability (Vespignani, 2009)?  
Complex-network analysis had its origin in the mathematical study of networks, known 
as the graph theory. However, the complex-network analysis, unlike the graph theory, 
deals with complex real-life networks. Complex-network analysis can describe 
significant properties of complex-systems by statistically quantifying and modelling the 
emergent network topology (Forrest, 1990; M. Mitchell, 2006).  
Complex-network concepts are applied on situations from biology to human creations 
(enterprises), and social interactions (Barabasi, 2005), in  the  pursue of answers to 
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questions like: what does the Internet structure and the propagation of HIV infections 
have in common or how companies evolve. This challenges that many aspects of 
those systems are relevant and worthy to be studied (M Newman, 2010). 
Some researchers study the individual components while others study the nature of 
the interactions (M Newman, 2010). However, there is another aspect of the 
interacting systems, sometimes neglected, but crucial to the understanding of the 
emergence, which is the anatomy of the connectivity enactment (M Newman, 2010). 
In this case, the fundamental concern is to discover the anatomy of the structures 
because patterns always affect the function (Strogatz, 2001). 
3.2   Complex Networks 
By definition “a network is simply a collection of nodes (vertices) and links (edges) 
between nodes where the links can be directed or undirected, and weight or 
outweighed” (M. Mitchell, 2006). Networks structures study started in the 
mathematical study of graph theory (Dorogovtsev & Mendes, 2002b). In the beginning, 
this theory seized networks as Poisson distributions, resulting into simple random 
graphs. Moreover, by definition, random graphs in graph theory are graphs with 
Poisson distribution of connections (Dorogovtsev & Mendes, 2002b). 
In a first stage, all networks seemed random, but along the development of the 
network analysis, some different and fundamental key characteristics are found. 
Firstly, that form characterizes networks. A network reduces the reality of interactions 
to a simplified representation through an abstract structure capturing only the basic 
patterns. Secondly, that statistics such as degree distribution, average path length 
between pairs of nodes and clustering degree (M Newman, 2010) (Dorogovtsev & 
Mendes, 2002b) are able to characterize the nature of the interaction. 
Chapter 3 
 II-48 
Knowing the structural or functional model of a complex-network has strong 
implication in the way the complex-network behaves. Scale-free and small-world 
represent those models (Bonabeau & Barabasi, 2003; Forrest, 1990; M. Mitchell, 
2006; Watts & Strogatz, 1998). The network forms, small world and scale free, are 
classified regarding its degree distribution. The degree distribution, the most general 
classification of networks, is the distribution of the frequencies of the different degrees 
of all nodes (M. Mitchell, 2006; 2009a; M Newman, 2010). 
The other network form, random, occurs through the specification that each pair of 
nodes is connected with a link with uniform probability. This lead to non-exhibition of 
strong clustering nodes, since clustering occurs when there is a “friend of a friend” (M 
Newman, 2010). This model based on these two assumptions naturally leads to the 
observed scale invariant distribution, failing to represent reality (Barabasi & Albert, 
1999). 
Small-World Networks 
In 1998, Watts, introduced the small-world network model in analogy with the small 
world phenomenon popularly known as the six degrees of separation developed by 
Stanley Milgram (Watts & Strogatz, 1998). This model can be highly clustered having 
small path lengths as characteristic (M. Mitchell, 2009a). The central result obtained 
by Watts and Strogatz is very simple. The addition of a single shortcut to a large 
system decreases the shortest path-length noticeably (X. F. Wang & Chen, 2003). 
However, the Watts and Strogatz model typically results in degree distributions that do 
not match most of the studied real world networks (M. Mitchell, 2009a). Small-world 
networks are complex-networks with relatively few long-path connections, an average 
path-length is small, comparatively to the total number of nodes (M. Mitchell, 2006). 
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This small-world model can encompass two evolutionary opposing demands. Firstly, 
information needs to travel faster within the system. Secondly, the higher cost 
associated with longer connections.  
The small-world network model can be characterized by the following properties: (i) 
the neighbourhood of local nodes is retained, and (ii) the diameter that is quantified 
through the average shortest distance increases logarithmically in relation with the 
number of vertices. It is the later property that gives the name small-world to these 
networks since any two vertices in the network can be connected through just a few 
links. Moreover, the local connectivity points out the network towards a finite 
dimensionality (Amaral, Scala, Barthélémy & Stanley, 2000). 
The small-world networks are those with “small average shortest-path lengths and 
“large” clustering coefficients. Firstly, it posits that even when random networks 
display a small-world effect and have a small clustering effect they are not small-world 
network models. Secondly, although a network evidently belongs to the class of small-
world network model, the initial clustering starts as zero and remains small if the 
interaction is only between the nearest neighbours (Dorogovtsev & Mendes, 2002b). 
The definition of the small-world network model, despite of its consistency and its 
relation with real networks, is interesting. In fact, the networks described by Watts and 
Strogatz (WS) display an important generic characteristic as they result from random 
rewiring of the nodes constructed from an ordered pattern or by the addition of a 
connection between random vertices (Dorogovtsev & Mendes, 2002b)(Figure 3.1). 
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Figure 3. 1 “Small-world network in which the crossover from a regular lattice to a random network is realized: (a) the 
original WS model with the rewiring of links; and (b) the network with the addition of shortcuts extracted from 
(Dorogovtsev & Mendes, 2002b)”. 
The probation of the structure of small-world networks as of real networks has been 
made through the calculation of their diameter as a function of network size (Amaral 
et al., 2000). A variety of networks such as power grids, movie actor and the human 
brain seem to be small-world networks (Amaral et al., 2000) (Bullmore & Sporns, 
2009). Moreover, it was proposed that the World Wide Web (WWW), the Internet and 
the previous described networks are scale-free. Scale-free is a network form whose 
nodes connectivity follows a power law distribution. 
Scale-Free Networks 
A year later, 1999, Barabási and Albert (R. Albert, Jeong & Barabasi, 1999) 
developed an alternative network model supported in the “preferential attachment 
concept” which growth produces scale-free networks (Barabasi, 2009; Barabási, 
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Dezso, Ravasz, Yook & Oltvai, 2003). A scale-free network is the network 
conceptualization of  “richer gets richer” mechanism described through a power law 
degree distribution. 
This power law degree distribution applies to a diverse number of real world networks 
that in some cases look like random, but that in reality, are scale-free. Barabási and 
Albert conclude that their simple “growth with a preferential attachment” mechanism 
is what drives the evolution of real-world networks (Dorogovtsev & Mendes, 2002b) 
(Barabasi, 2009; M Newman, 2010). These two mechanisms are responsible for the 
explanation of complex-networks scale-free model arrangement. 
The WWW or the scientific literature citations are two examples of scale-free networks 
that continuously expand through the addition of new nodes (Barabasi, 2009). In fact, 
we link with higher probability to a more connected document on the WWW. Moreover, 
we tend to cite repeatedly much cited papers. Real networks grow in a sustained way 
where the node with the higher degree gets more links than other nodes (Figure 3.2). 
 
Figure 3. 2 “The Scale-free network grows incrementally from two to eleven nodes in this example. When deciding where 
to establish a link, a new node (green) prefers to attach to an existing node (red) that already has many other 
connections. Theses two basic mechanism – growth and preferential attachment-will eventually lead the to the system’s 
being dominated by hubs, nodes having an enormous number of links, extracted from (Bonabeau & Barabasi, 2003)”. 
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Scale-free network represents a different structural nature of the small-world network 
where some nodes have a great number of connections. These nodes are called hubs 
(Figure 3.2). This means that the existence of a few “big” nodes with very large 
degrees (i.e., with a high degree) plays a key role in bringing the other nodes of the 
network closer to each other. Moreover, they are not present in other models of 
complex-network structures. Not all nodes in a complex-network have the same 
number of edges. The spread in the number of links of the diverse nodes, or a node’s 
degree, is characterized by the degree distribution that follows a power law. 
(Bonabeau & Barabasi, 2003).  
The scale-free model is a minimal model that captures the mechanisms responsible 
for the power-law degree distribution. An achievement of the scale-free form is the 
understanding that structure and evolution of networks are inseparable. In fact, 
traditional network models aimed to define a fixed number of connected nodes 
through expertly placed links. The scale-free property forced us to acknowledge the 
emergence of networks because of the arrival of nodes and links. In other words, to 
explain a network systems’ topology, we first need to model how it emerged into being. 
3.3   Other Application Domains 
Complex-networks approach has been able to present characteristics to 
understanding the economies differentiation. ”Economies grow by upgrading the 
products they produce and export. The technology, capital, institutions, and skills 
needed to make newer products are more easily adapted from some products than 
from others. […] this network of relatedness between products, or “product space,” 
finding that more-sophisticated products are located in a densely connected core 
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whereas less-sophisticated products occupy a less-connected periphery. (Hidalgo, 
Klinger, Barabási & Hausmann, 2007).” 
The studies of the power grid distribution and air traffic composition (Figure 3.3) are 
also areas where networks have been used.  
“We find that the power grid is robust to most perturbations, yet 
disturbances affecting key transmision substations greatly reduce its ability 
to function. We emphasize that the global properties of the underlying 
network must be understood as they greatly affect local behavior” (R. 
Albert, Albert & Nakarado, 2004). 
“Networks of coupled dynamical systems have been used to model 
biological oscillators, Josephson junction arrays, excitable media, neural 
networks, spatial games, genetic control networks and many other self-
organizing systems. Ordinarily, the connection topology is assumed to be 
either completely regular or completely random. But many biological, 
technological and social networks lie somewhere between these two 
extremes. (…) We call them ‘small-world’ networks, by analogy with the 
small-world phenomenon (popularly known as six degrees of separation). 
The neural network of the worm Caenorhabditis elegans, the power grid of 
the western United States, and the collaboration graph of film actors are 
shown to be small-world networks. Models of dynamical systems with 
small-world coupling display enhanced signal-propagation speed, 
computational power, and synchronizability. In particular, infectious 
diseases spread more easily in small-world networks than in regular 
lattices (Watts & Strogatz, 1998).” 
Human mobility description is another use of complex-networks. 
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”We analyze the global structure of the worldwide air transportation 
network, a critical infrastructure with an enormous impact on local, 
national, and international economies” (Guimera, Mossa, Turtschi & 
Amaral, 2005) . 
“The understanding of how the same elements assembled in large number 
can give rise, according to the various forces and elements at play, to 
different macroscopic and dynamical behaviors opens the path to 
quantitative computational approaches and forecasting power. Yet at the 
same time, the study of social aggregate states present us with all the 
challenges already faced in the physics of matter, from turbulence to multi- 
scale behavior (Vespignani, 2009).” 
Networks have also been used to study the World Wide Web development. 
“Despite its increasing role in communication, the World-Wide Web 
remains uncontrolled: any individual or institution can create a website 
with any number of documents and links. This unregulated growth leads to 
a huge and complex web, which becomes a large directed graph whose 
vertices are documents and whose edges are links (URLs) that point from 
one document to another. The topology of this graph determines the web’s 
connectivity and consequently how effectively we can locate information on 
it. But its enormous size and the continual changing of documents and 
links make it impossible to catalogue all the vertices and edges (R. Albert 
et al., 1999).” 
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Figure 3. 3 “(…) The illustration of the continental U.S. airline network (D) and the commuting network (E) among major 
census areas. The color scale from yellow to dark red identifies the traffic flow magnitude in logarithmic scale. The airline 
network is made mostly by long-range connections as compared with a gridlike ordering of the commuting network. The 
daily average flow of the commuting network is one order of magnitude larger than that of the airline network. Extracted 
from (Vespignani, 2009).” 
Even at the security level of information, concepts of networks theory are been used to 
characterize and develop new solutions.  
“Scientist save recently discovered that various complex systems have an 
underlying architecture governed by shared organizing principles. The 
insight has important implications for a host of applications, from drug 
development to internet security (Bonabeau & Barabasi, 2003).” 
In characterization of the economy grow, complex networks approach, have been able 
to present characteristics allowing the development of differentiating knowledge. 
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”Economies grow by upgrading the products they produce and export. The 
technology, capital, institutions, and skills needed to make newer products 
are more easily adapted from some products than from others. (…) 
Empirically, countries move through the product space by developing 
goods close to those they currently produce. Most countries can reach the 
core only by traversing empirically infrequent distances, which may help 
explain why poor countries have trouble developing more competitive 
exports and fail to converge to the income levels of rich countries (Hidalgo 
et al., 2007).” 
The complex-network supports the conceptualization of reality on the models and 
measurements produced from real data.  
“Data on the movement of people becomes ever more detailed, but robust 
models explaining the observed patterns are still needed. Mapping the 
problem onto a ‘network of networks’ could be a promising approach 
(González & Barabasi, 2007).”  
The Table 3.1 resumes calculated results for common researched networks. 
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Table 3. 1 “The scaling exponents characterizing the degree distribution of several scale-free networks, for which P(k) 
follows a power-law (1). We indicate the size of the network and its average degree ⟨k⟩. For directed networks we list 
separately the in degree (γin) and out degree (γout ) exponents, while for the undirected networks, marked with a star, 
these values are identical. Extracted from (Barabási et al., 2003)” 
 
If network theory is producing real models and measurements from real data, 
probably it is possible to achieve such characterization for the information systems VO. 
The multilevel nature of the log events of IT use can be the starting point for the real 
data (Nan, 2011). 
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 “In the past decade, an avalanche of research has shown that 
many real networks, independent of their age, function, and scope, 
converge to similar architectures, a universality that allowed 
researchers from different disciplines to embrace network theory as 
a common paradigm (Barabasi, 2009).” 
Networks’ models are everywhere. The focus on the structure creates conditions for 
the understanding that structure affects behaviour. Truly, we face a new concept and 
philosophy due to networks astounding and its immediate progress, the philosophy of 
a small flat world (Dorogovtsev & Mendes, 2002a) (Friedman, 2006). It is a world 
where old ideas from mathematics to computing science take a collaborative form 
through the emergence of real evolving networks.  
This new small flat world looks something like these prepositions (Dorogovtsev & 
Mendes, 2002a): 
• Evolving networks are central objects for statistical physics and information 
systems conceptualization trough emerging virtual organizations. 
• Virtual organizations self-organize into complex structures through emergence. 
• The results of self-organization are networks with crucial highly connected 
nodes and segregated structures. These characteristics drive the fit of the 
information systems ought-to-be.  
• Networks are extremely compact objects with a difficult designing of well-
defined metric structure. 
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3.4   Multidimensional Analytics 
Complex-networks emerged as a tool for the characterization of structural and 
functional connectivity (Barabasi, 2005; Dorogovtsev & Mendes, 2001; Forrest, 1990). 
Complex-network measurements and modelling may describe one or several aspects 
of system connectivity. Moreover, they may quantify the nodes importance, structural 
or functional patterns and the resilience to change of the complex-network. To start 
with, a complex-network is a collection of nodes connected by links emergent through 
nodes interaction (M Newman, 2010). 
 
Figure 3. 4 A small example of a network. 
There are different ways of representing, through mathematical notation, such 
networks. Considering an undirected network for simplification reasons, with n 
vertices labelled using integers’ from 1 to 𝑛. The link between the nodes 2 and 5 it 
can be represented by the pair (2,5). The network of Figure 3.4, with 6 nodes, is 
specified through the following pairs of links: (1,4), (1,2), (1,5), (4,2), (2,5), (5,3), 
(3,6), (6,4) and (6,5). This specification is called an edge list. The edge list is the 
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normal structure for storing the networks linking structure digitally (M Newman, 2010). 
We will adopt the edge list for the representation of the complex-network. 
However, for mathematical representation and deduction the adjacency matrix is a 
better representation. The adjacency matrix of a network with elements 𝐴!" when 𝐴!" 
is defined, considering 1 if there is a link between the nodes 𝑖 and 𝑗 and 0 otherwise, 
illustrated in Table 3.2.  
Two points, about the adjacency matrix, worth mention: 
• The case of networks with nodes with no self-links, the diagonal elements of 
the matrix are all zero. 
•  The matrix is symmetric, if exists a link between 𝑖 and 𝑗 and a link between 𝑗 
and 𝑖.  
 Table 3. 2 Adjacency matrix characterizing the network example of Figure 3.4. 
 1 2 3 4 5 6 
1 0 1 0 1 1 0 
2 1 0 0 1 1 0 
3 0 0 0 0 1 1 
4 1 1 0 0 0 1 
5 1 1 1 0 0 1 
6 0 0 1 1 1 0 
One of the most used network metrics is the degree. The degree of a single node is 
the number of links of that node. In practice, it is equal to the number of neighbours 
of the node. Viewed separately, the degree value reflects the importance of the nodes. 
Viewed globally, the degree represents the degree distribution of the network, 
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determining its topology, which is a central pointer of network expansion and 
resilience. These basic complex-network characteristics greatly influence the complex-
network models. 
The Figure 3.5 illustrates the key complex-networks metrics (in italics) that we are 
interested in. These metrics are based on the fundamental complex-network 
connectivity properties (bold). The integration base metrics are the shortest path 
lengths (red)(3). Moreover, the detachment bases it metric on clustering (blue)(4). 
Detachment can also include more sophisticated patterns metric, such as 
communities (ovals). The degree illustrates the number of connections of a node 
(yellow)(1). The degree metric enables the discovery of central nodes in the 
information flow (hub nodes). Additionally, the length of the path metric determines 
the global efficiency of the information flow. 
 
Figure 3. 5 Complex-network measurements. 
Measures of centrality are based on the node degree (black) and in the length and 
number of the shortest paths between nodes (red)(3)(grey)(2). Hub nodes (black) 
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often exist on a high number of shortest paths and consequently often have high 
betweenness centrality. To illustrate the different representations and variants of a 
complex-network measure is typical to consider a basic and a main metric known as 
the degree (Dorogovtsev & Mendes, 2002a; 2002b). 
The nature of connectivity can be described by the following metrics: 
• To understand how the functional enactment result from structural connectivity. 
• To understand the emergent enactment. 
• To understand the structural or functional resilience. 
• To uncover functional communities and their structural relation. 
Moreover, they reveal elements and patterns that play a hidden role in the 
organization (communities), and at the same time confirming important roles of 
central elements (hub nodes). Among several dimensions treated with complex-
network analysis, we consider the local and global complex-networks metrics, 
described in the Figure 3.6, to suite the emergent dimension of information systems 
virtual organization.  
In this conceptualization, Figure 3.6, we resume the four dimensions of the 
conceptualization of the information systems virtual organization and the role of 
complex-network metrics and models in the achievement of alignment.
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Figure 3. 6 The General conceptualization from complex-network metric and model of Information system VO to 
alignment. 
3.4.1  Measurements of segregation 
Segregation is a functional property and describes the extent of the neighbourhood of 
a given node in the network. It is associated with the emergence resulting from the 
enactment rationalization and describes the network transitivity capability. Transitivity 
is the property that two nodes that are neighbours have to be neighbours of a 
common third node (M Newman, 2010). This property determines the information 
flow on a complex-network. 
Transitivity is represented in the complex-network metrics through a densely 
interconnected group of elements. Complex-network metrics of segregation quantify 
the presence of such groups of elements, as network transitivity, from clustering 
(Dorogovtsev & Mendes, 2002b; Forrest, 1990; Girvan, 2002) (M Newman, 2010).  
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Measures of this segregation have direct interpretations as they describe the extent of 
entropy of the complex-networks. The presence of clusters in structural complex-
networks describes the nature of enactment.  
The clustering develops in a process that a friend of a friend is also my friend, where 
if the node 𝑢 connects to the node 𝑣, and 𝑣 connects to 𝑤, then 𝑢 also connects to 𝑤. A high number of such triangles imply segregation. The fraction of triangles around 
an individual node is known as the clustering coefficient (𝐶) (Dorogovtsev & Mendes, 
2002b; M Newman, 2010). The clustering (C) is the probability that if a triple of 
nodes in a network is connected by at least two links, then the third link is also 
present. Its quantification is illustrated on the equation 3.1 that is the most common 
way of defining the clustering coefficient (M Newman, 2010). 
𝑪 = 𝒏𝒖𝒎𝒃𝒆𝒓  𝒐𝒇  𝒕𝒓𝒊𝒂𝒏𝒈𝒍𝒆𝒔   ×  𝟑(𝒏𝒖𝒎𝒃𝒆𝒓  𝒐𝒇  𝒄𝒐𝒏𝒏𝒆𝒕𝒆𝒅  𝒕𝒓𝒊𝒑𝒍𝒆𝒔)  (Equation 3. 1) 
The numerator factor of 3, in the equation 3.1, arises because each triangle gets 
counted three times when counting the connected triples of the network. The average 
clustering coefficient for the complex-network determines the prevalence of clustered 
connectivity around individual nodes. 
Measures of segregation can also find the exact size and composition of individual 
groups. Subdividing the network into such groups of nodes reveals the complex-
network community structure. The community, is defined by the appearance of 
densely connected groups of nodes (patterns or motifs), with only lighter connections 
between groups (Mark Newman, 2006). This represents the maximal possible 
number of within-group links, and a minimal possible number of between-group links.  
The quantification of the amount of communities to which a network may be 
subdivided is done by a single statistic, the modularity (M Newman, 2010). Moreover, 
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if we do not know the structure of an organization and study it by gathering a network 
through real data, it would be possible to deduce the existence of groups by observing 
its community structure. 
3.4.2  Measurements of integration 
Integration describes the extent to which a given node is apart from others in the 
network. It describes the flexibility for quickly combine specialization from distributed 
elements. It relates to decisions made at design and configuration phases, regarding 
the coupling of systems. Integration metrics description focuses on the complex-
network measure of path. Paths are sequences of distinct nodes and links 
(Dorogovtsev & Mendes, 2002b) (M Newman, 2010) that define the ease of 
communication. 
This complex-network metric represents the potential routes for information flow 
between pairs of nodes. The paths lengths, therefore, estimate the flexibility for 
functional integration between elements. Additionally, functional connectivity data 
already contain such information for all pairs of nodes. They may not correspond to 
the defined information flow on structural connections. The average shortest-path 
length (li) (closeness centrality) between all pairs of nodes in the network is known as 
the characteristic path length of the complex-network (M Newman, 2010).  The 
equation 3.2 describes the average shortest-path (𝑙! ) for a network of dimension 𝑛 
supposing that 𝑑!"   is the length of the path from 𝑖 to 𝑗. 
𝒍𝒊 = 𝟏𝒏 𝒅𝒊𝒋𝒋    (Equation 3. 2) 
The closeness centrality of a node in a network is the inverse of the average shortest-
path distance from the node to any other node in the network. It can be viewed as the 
efficiency of each node (individual) in flowing information to all other nodes. The larger 
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the closeness centrality of a node, the shorter the average distance from the vertex to 
any other node, and thus the better positioned the node is in flowing information to 
other nodes (M Newman, 2010; Preparata, Wu & Yin, 2008). 
A long path mainly influences the characteristically path length as short paths mainly 
influence the global efficiency. This may enable the global efficiency characterization 
through integration. In networks, visual representations of connection lengths typically 
are dimensionless and do not represent spatial or metric distance (Rubinov & Sporns, 
2010).  
3.4.3  Measurements of centrality 
Centrality describes the extent to which a given node connects or can connect to 
others in a network. It relates with power, influence in decision-making and innovation. 
Key hub nodes often interact with many other nodes, facilitating functional enactment. 
Measures of node centrality variously evaluate the importance of nodes in the above 
criteria. There are many measures of centrality, however, the degree, is one of the 
most common (M Newman, 2010). 
The degree, k, of a node is the total number of its links (Dorogovtsev & Mendes, 
2002b). The degree has a straightforward interpretation that is: nodes with a high 
degree, structurally or functionally actively link, in the complex-network. Then the 
degree may be a sensitive measure of centrality in complex-networks. The 
mathematical notation of equation 3.3 represents the degree ( 𝑘! ), where 𝐴!" 
characterizes the adjacency matrix of a network with 𝑛 nodes 
𝒌𝒊 = 𝑨𝒊𝒋𝒏𝒋!𝟏    (Equation 3. 3) 
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Metrics of centrality focus on the idea that central nodes participate in many short 
paths within a complex-network topology and consequently acts as important controls 
of network flow. A related metric is betweenness centrality, defined as the extent, to 
which geodesic paths (shortest-paths) in a complex-networks, pass through a given 
node (M Newman, 2010; M E J Newman, 2005). It can be formally express, for a 
general network, through Equation 3.4. The 𝑛!"!  represents the number of geodesic 
paths from 𝑠 to 𝑡 through 𝑖, and 𝑔!" represents the total number of geodesic paths 
from 𝑠 to 𝑡. 
𝒙𝒊 = 𝒏𝒔𝒕𝒊𝒈𝒔𝒕𝒔𝒕    (Equation 3. 4) 
It can be used to detect important structural or functional topology through the not 
measurement of the well connected but the links that fall between. In fact, a node can 
have a high betweenness centrality and a low degree. Nodes in these characteristics, 
known as brokers (hub nodes) (M Newman, 2010), often connect disparate parts of 
the complex-network. Moreover, betweenness centrality as yet another relevant 
property: its values are typically distributed over a wide range (M Newman, 2010).  
3.4.4  Measurements of resilience 
Resilience is a property, describing the extent to which a node or link, removal or 
addiction affects the network. It is the process that transforms the metrics into 
prediction or conclusion about the overall systems behavior. One of the goals of 
resilience is to understand how these events, affect the network as a whole. Metrics of 
resilience quantify features that comprise complex-network vulnerability to removal or 
change. The total distribution of nodes degree of an entire network is its characteristic 
degree distribution (Dorogovtsev & Mendes, 2002b) (M Newman, 2010) and as a 
central role on the characterization of resilience.  
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For example, one could remove nodes from a network, randomly or target some 
specific such as those with the highest degrees. Complex-networks with power-law 
degree distributions may be resilient to gradual random deterioration. However, they 
are highly vulnerable to high-degree central nodes disruptions. Most of the complex-
networks do not have perfect power–law degree distributions. In addition, many 
complex-networks have degree distributions that locally behave like a power–law. To 
know the extent to which these distributions fit a power–law could be a useful marker 
of resilience (M Newman, 2010).  
Another, suitable metric of resilience is the betweenness centrality. Betweenness 
measures the influence a node has over the spread of information through the 
complex-network. Counting only shortest paths definition implicitly assumes that 
information spreads only along those shortest paths. The efficiency goal is to reduce 
wiring costs. Direct measures of complex-network resilience test the complex-network 
before and after a presumed change.  
Alternatively, changes may be computationally simulated through random or targeted 
removal of nodes and links. The effects of such removals on the complex-network may 
then be quantified. Firstly, characterizing changes in the resulting structural 
connectivity. Secondly, from emergent simulated functional connectivity or dynamical 
activity. When testing the resilience in such a way, it is prudent to use measures that 
are suitable for the analysis of disconnected complex-networks. 
3.5   Conclusions 
Knowledge of complex-network characteristics, opens the way to the discovery and 
understanding of new statistical and dynamical laws governing large infrastructural 
systems, coupled through social systems, like information systems virtual organization. 
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In some cases, the understanding of complex-networks provides counterintuitive and 
surprising approaches to the engineering and management of information systems. In 
other words, we now can provide a rationale for the understanding of the emerging 
tipping points and non-linear properties, that often underpin the most interesting 
characteristics of a information systems behavior, its virtual organization. Additionally, 
developing images of information system may augment the knowledge of the 
emergent adoption of IT.  
Organizational information systems are faced with a need for managing the 
information flow through space and time in order to support enterprise information 
needs. This is a reality about interactions, and not about information systems, since 
they are becoming a common asset in all organizations. It is the mishmash effect that 
underlies the structure that has the power of evolution. 
We are in a time of revolution in the information systems with new types of user that 
challenges old fashionable software and technological ubiquity. We are in a time of 
revolution in network science. Communication networks, the WWW, the Internet, peer-
to-peer, genome, brain, chemical reactions networks, crystallography networks, 
metabolic functions reactions, language networks, neural networks, supply chain 
networks, power grids, mail, networks, citation networks, relation between enterprises, 
nets of software components. What about information systems? 
It is the attachment enactment modelling through complex-network that will allow the 
emergence understanding.  
We live in a world of networks. Networks are at the core of civilization, moreover in an 
epoch of economic, political and cultural global crises. The world of networks is an 
inevitable future, for better or worse. 
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4 
Presentation of the Exploratory 
Cases 
 
4.1   Introduction 
This chapter starts by presenting three exploratory cases to be analysed through 
complex-network modelling and measuring of the information systems emergent 
virtual organization. Each project describes a common information system in any 
organization. The access to those exploratory cases results from the author’s position 
as the CIO at the organization of study and also from the collaboration with a process 
mining companies. 
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The first exploratory case results from a partnership with Process Sphere3, a company 
of business processes modelling. It fulfils the purpose to create a comparing point 
between process mining approach and the complex-network modelling and measuring. 
It aims to challenge the effort needed in the two frameworks to map a process. 
Additionally, understanding what knowledge is possible to extract from each other with 
minimal specialized knowledge and how each one is capable to model emergent 
virtual organizations. 
The collaboration with the Process Sphere resulted into a posterior process modelling 
of a Portuguese communications company. Unfortunately, was not possible to develop 
due to the country conditions and changes in the organization. The collaboration 
lasted a one-year period and remains active in the expectation of possible new 
projects. 
The second exploratory case is an ERP deployment in the company where the author 
works. As all ERP implementations, it aimed to create the conditions for organizational 
control and better performance through the integration of a standard working 
environment. The project started in 2009, remains active and evolving as results of 
continuous customization and adaptation.  
The organization where this project evolves is a scientific research institution of the 
University of Porto. On this project, the focus is to understand changes occurred in 
the institution structure with effects on the enactment of the ERP. Additionally, 
allowing understand the relation between the software properties and the emergent 
virtual organization of users and software. 
                                         
3 www.process-sphere.pt 
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The third exploratory case is the adoption of a Portal as a tool for unified access to 
company information and its transversal management. The Portal contributes to the 
company deployment of content, communication, collaboration and customization. 
Based on these contributes the goal is to understand the value of the Portal structure 
into the business organization. Additionally, we wanted to understand if the images of 
the enactment are a reflection of its development as a support structure for the 
purchasing system. 
4.2   The BPM Exploratory Case 
A major company of consumer electronics was dealing with the challenge of 
improving a refunding process. The goal of the improvement effort was to normalize 
the refund payment methods of a defective product but only to eligible requests. 
Moreover, enhancing the customer experience. The refund process is theoretically 
straightforward. The initial definition deployed under the CRM solution with the stages 
illustrated in Figure 4.1 reflects that conception. The choice of the contact point that 
best fits the customer needs dictates the trigger of the process. The available contact 
points are Dealer, Internet and Call Center. 
 
Figure 4. 1 Stages of the refunding process deployed under CRM. 
Company Process Sphere did the first approach to the understanding and modelling 
of the process.  It used DISCO4 process mining software to discover the enactment of 
                                         
4 www.fluxicon.com/disco/ 
Receive service 
refund request
Verify 
request
Pick up 
defective 
product
Pay refund to 
customer
Scrap product
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the process. DISCO is a product of the FLUXICON Company devoted to producing 
visual images of process flows. The Process Sphere Company has a long experience 
with the use of process mining approach and several collaborations with companies 
and process mining committees. 
The visual evidences of the process flow developed along the Figures 4.2 to 4.14 
resulted from the DISCO software. They do not represent a proposed human 
abstraction of reality but the process’ real enactment. However, the process 
evaluation quality depends on the knowledge of the software user that typically is or 
must be an experienced process evaluator. 
It focused on the main evidences indicating that the design process model should be 
improved within causes of poor performance rather than on all process variants. With 
the images of the software and posterior human specialist evaluation, three main 
conclusions common to all of the customer interaction channels resulted. First, there 
are missing documents necessary for the process to progress and end. Second, after 
receiving the refund request there are too many hands off. Finally, the existence of 
performance disparities among the transport companies responsible to collect the 
product and send it to the company headquarters. 
Case and subject selection 
The refund process describes the difficulties to initiate because most of the detected 
process instances, 690, immediately jump to the missing documents step (Figure 
4.2).  Moreover, some of them remain on that step since the missing documents 
problem persists even after the request start. The processing of the order happens 
after a set of reprocesses and adjustments executed through the loops described in 
the process model of Figure 4.3. The first bottleneck relates with the missing 
documents. 
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Figure 4. 2 Discovered process model with the missing documents for the dealer channel. 
The missing documents issue causes on average a huge delay in the execution 
performance and works as a constraint of customer expectations of refund. This 
problem is addressed through the change of the process in order to use only one 
document for accepting the refund request. The document defined for that is the 
invoice. Additionally, online access to customer transactions is provided in order to 
prevent the occurrence of missing documents. 
 
Figure 4. 3 Performance dimension for the Dealer channel. 
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The second improvement opportunity relates with the multiple hands off for the 
beginning of the refund process (Request signed L1; Request signed L2; Request 
signed L3) (Figure 4.3). The cascades of activities heavily increase the processing 
time. At the design process phase, it is understood that processing of the necessary 
data to issue a refund, label the process participants and at the same time make 
them work on batch is the better approach. 
 
 Figure 4. 4 Multiple hands offs increase the Call Center processing time. 
After process analysis, it is done a new procedure of workforce permission. Instead of 
performing specialized tasks, the participant started to play in the full activity of refund 
from the trigger defective product to the pick up of the product from the customer. 
Expanding the participation scope upstream and downstream the participant runs 
longer with the work expectably withdrawing the occurrence of hands offs improving 
the picking of the product to refund. 
In a more detailed evaluation, the process structure of the attending with three levels 
is another aspect not fully understood (Request L1 > Request L2 > Request L3) 
(Figure 4.4). Without more information about the reasons of that decision it is 
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impossible to have a more clear opinion, but it seems that the bureaucratic levels are 
only delaying the process. 
The third main improvement opportunity relates with the performance discrepancy 
between the transportation companies. It is visible the request to two different types of 
companies with different service level agreements (Figure 4.5). The logistics partner 
picked and delivered the package more quickly to the refund headquarters than the 
forwarding company (Figure 4.6). A renegotiation of the contract with the logistics 
partner is made to eliminate described discrepancies through the removing of the 
poor performers. 
 
Figure 4. 5 Performance differences in Internet Channel among transport companies. 
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Figure 4. 6 The choice of the transport options. 
The operation of sending the refunded product to waste depends on the previous 
execution of the refunding. If the product is waste, it should not depend on the 
payment. Probably this operation should be done in parallel. 
In the Internet channel from the 1255 requests, 692 have problems regarding the 
necessary documents to proceed with the refunding. Moreover, there are 263 cases 
that go directly to the shipment through the logistics partner (Figure 4.7 and 4.8). 
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Figure 4. 7 The reprocessing time. 
 
 
Figure 4. 8 Undue reprocessing tasks. 
 
The value of the process’ concluded orders is very low due to much parallel activity as 
a consequence of the multiple hands off (Figure 4.9). Only, 85 come to be finished! 
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Figure 4. 9 To much parallel activity. 
Moreover, the bad performance in transportation resulting from the process is a 
consequence of the initial design and reflects in all the channels (Figure 4.10). 
 
 
Figure 4. 10 The bad performance of transporting. 
Presentation of the Exploratory Cases 
 III-85 
 
Figure 4. 11 To long processing time. 
In the call center channel from the amount of 1288 refund request, 763 present 
problems with the needed documents to proceed with the refunding. However, exist 
263, a strange coincidence with the value of the Internet channel that goes directly for 
shipment through logistics partner. The levels of L1>L2>L3 present the same affinity 
to increase the processing time as well as the returned requests (Figures 4.11 e 4.12). 
 
Figure 4. 12 The model of the process creates much unnecessary steps. 
The result of the transporting option flow illustrated in the Figure 4.13 is the same in 
all the channels. 
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Figure 4. 13 To many choices for the pick up of the refunding product. 
The complexity added by the multiple hands off is reflected in the long time that the 
product spends waiting to go to waste in the refund of the process (Figure 4.14). 
 
 
Figure 4. 14 To much complexity and time. 
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Data collection procedure 
The process of modelling occurred through a data collection of the process traceability 
in a CRM commercial solution. The collected data results from a multipurpose log not 
defined for the purpose of this research, but that existed available at general CRM 
solutions. This fact diminishes the flexibility and appropriateness of data to the 
questions under research. Additionally demonstrates the possibility to infer knowledge 
from commonly available logs. However, the definition of the data to be collected 
must be based on a goal-oriented perspective. 
The Figure 4.15 illustrates a fragment of the data collected available for the 
exploratory case. The company Process Sphere provided the file as a TXT. The 
extraction of the TXT file is not done for this research. In the extract is visible the 
identification of the case ID, the type of operation, the value of that operation, the date 
and the channel used. 
Case ID,Activity,Resource,Complete Timestamp,Comment,Channel 
Case360,Order created,Value 1,11/28/11 9:27,Value 1,Callcenter 
Case360,Request signed L1,Value 3,11/28/11 9:36,Value 1,Callcenter 
Case360,Request signed L2,Value 6,11/28/11 15:08,Value 1,Callcenter 
Case360,Request signed L3,Value 7,11/28/11 15:39,Value 1,Callcenter 
Case360,Pick-up prepared,Value 2,11/29/11 15:44,Value 3420,Callcenter 
Case360,Shipment via forwarding company,Value 11,12/14/11 9:49,Value 1,Callcenter 
Case360,Product received,Value 12,12/19/11 15:18,Value 231,Callcenter 
Case360,Payment issued,Value 11,12/20/11 9:32,Value 1,Callcenter 
Case360,Product ready for scrapping,Value 13,12/28/11 8:47,Value 2227,Callcenter 
Case360,Product scrapped,Value 6,1/17/12 15:53,Value 1694,Callcenter 
Case360,Order completed,Value 18,1/18/12 8:42,Value 1,Callcenter 
Case1254,Order created,Value 1,12/14/11 13:17,Value 1,Callcenter 
Case1254,Request signed L1,Value 13,12/14/11 13:46,Value 2112,Callcenter 
Case1254,Shipment via forwarding company,Value 3,12/21/11 14:52,Value 1,Callcenter 
Case1254,Payment issued,Value 11,12/28/11 8:42,Value 1,Callcenter 
Case1254,Product ready for scrapping,Value 13,1/4/12 9:11,Value 1739,Callcenter 
Figure 4. 15 A Data collection fragment. 
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4.3   The ERP Exploratory Case 
The site chosen for conducting this exploratory case is a research institution in 
Portugal where the author is the CIO since 2005. In 2013, it employed 650 people, 
120 were core facilities personnel and the remaining people were researchers. It had 
a total budget allocation around 10 Million Euros in 2013. The institution claimed to 
have successfully implemented a general Portuguese ERP IT system, which will here 
be referred to as ERP. This software has become an extremely commoditized solution 
to fit the institution’s characteristics. The project implementation occurred on time 
and budget not very common in a project of such nature. 
 
Figure 4. 16 The ERP project development and fundamental interventions. 
The figure 4.16 illustrates the project evolution. Normalized the reorganization of all 
institution technological infrastructure around 2008, are created the conditions for the 
development and integration of software solutions able to help the organizational 
management. Moreover, having a central repository of the financial management data 
was a long time goal of the Information Systems Department. This repository would 
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allow the deployment of additional information to the institution and would 
disseminate more management solutions. 
Case and subject selection 
The ERP post-adoption, in the assessment of the Information System Department 
(ISD), became evident that the ERP was far from its full potential. Existed the 
empirical notion that the ERP technological systems’ understanding was sufficient to 
perform daily tasks for many users. However, these users did not have much 
understanding of the sophistication of the business processes they were enacting in 
the ERP. The ISD had the feeling not the metrics, moreover, wanted to know how the 
ERP would react to institutional change. 
 
Fundamentally, it was clear that some implemented options were not quite suitable 
for the nature of the institution. The institution believed to have successfully 
implemented the ERP, in time and budget, in spite of the ISD evident disappointment 
towards its use.  The majority of employees used the system in a very limited way 
when others took better advantage of it and used it more extensively. 
 
The Information Systems Department aimed for a better understanding of the 
behaviour of the adopted ERP solution in response to institutional change. This 
understanding was believed as fundamental in promoting the use of the ERP as an 
information repository and information provider and additionally infer the information 
systems ought-to-be. 
 
The study concerns the post-adoption period and concentrates on the ERP IT use 
when an organizational change of the financial department human resources 
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occurred. The study is gathered from the IT use in two different institutional moments, 
July 2011 and July 2012, with different human resources arrangement. 
 
The author was also aware of the financial department organization, knowing each 
user’s responsibility and which ERP packages and modules were available for each 
user. Additionally, the author also had access and participated in the definition of the 
solution requirements. The documents resulting from that definition constitute the 
supporting base for the functional evaluation.  
Data collection procedure 
The relational database management system (RDMS) is Microsoft SQL5 Server 2005. 
The IT use is recorded as events in the ERP log table for managing users policies and 
traceability, fundamentally by recording the access logs to modules, packages, 
changes, etc. To collect the data regarding the IT enactment is used a technique of 
direct assessment to the database system. The assessment is achieved through 
ODBC (Open Database Connectivity) (Figure 4.17). The collected data is integrated 
into Microsoft Excel worksheets. 
                                         
5 Structured Query Language 
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Figure 4. 17 Relational database access using ODBC extracted from (DataDirect, 2009). 
This direct access is only possible because the author is the Chief Information Officer 
(CIO) at the institution and has access to tools, implementation’s team members and 
suppliers of the solution. The Table 4.1 illustrates the resulting data collected. The 
first column represents the package of the ERP, followed by the data input, the user, 
date of access and the operation type. 
 
The collected logs are not designed as data for this research, resulting from the ERP 
commodity to storage the events associated with the use. This happens mostly for 
policy definition, traceability and quality validation. It removes flexibility to the results 
exploit possibilities from the gathered data but at the same time makes easily 
availability to the data relevant to understand system enactment. 
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Table 4. 1 The ERP log fragment. 
 
4.4   The Web Portal Exploratory Case 
Back to 2009 the Portuguese government adopted a new set of regulations regarding 
working procedures for purchasing and procurement into the state or government 
funded sectors. This resulted from a European Union directive that established CPV6 
(Common Public Vocabulary) use, to be mandatory in the European Union as from 1 
                                         
6http://europa.eu/legislation_summaries/internal_market/businesses/public_procurement/l22008_en.htm 
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February 2006. The “CPV establishes a single classification system for public 
procurement aimed at standardizing the references used by contracting authorities 
and entities to describe the subject of procurement contracts” 
(http://europa.eu/legislation_summaries/internal_market/businesses/public_procur
ement/l22008_en.htm). 
 
Figure 4. 18 The Web Portal pictorial architecture. 
The principal goal of this new working practice is to establish a central entity of 
purchasing and procurement in order to drive reduction of operational and goods 
costs. Moreover, providing a digitization of this process within the development of 
technological platforms for announcements, negotiation and managing. The working 
process also intends to implement a new form of reporting to be adopted by the 
funded organizations. The portal pictorial architecture is illustrated in the figure 4.18 
(Dias, 2001; Wieringa, Blanken, Fokkinga & Grefen, 2003). 
In the scientific research sector, in Portugal, government plays a fundamental role in 
the organization’s founding. They had to adopt or develop a new set of management 
tools that could allow them to support this new challenge. To solve or at least mitigate 
the problem, the research institution started the development of a Portal. The 
development roadmap in a first moment had the Portal as an independent structure 
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but within the next two years it would become interdependent within an ERP. Figure 
4.19 illustrates the project development. 
 
Figure 4. 19 The Portal project evolution. 
Case and subject selection 
The Portal main goal was the CPV purchasing management integrated with the project 
management. The BPMN process model of the Figure 4.20 illustrates that nature 
(Jensen, Cline & Owen, 2011; Ko, Lee & Lee, 2009). 
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Figure 4. 20 The BPMN process definition. 
The portal suffered a radical upgrade in 2010 with its integration with the ERP 
adopted solution. Since then and along with organizational development, the portal 
developed permanent, programmatic and passive relations with the technological 
environment. It also developed a new set of software solutions to address different 
needs. This Portal was outsourced in a private cloud structure to two more research 
institutions in the sphere of University of Porto. At this moment is in discussion with a 
research institution at the University of Lisbon. 
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Data collection procedure 
There are many commercial tools for log collectors and log analysis as exist for 
accessing event logs of technological systems. This research used Splunk7 to collect 
event logs from the Portal. Operationally the event log collector is pointed to the target 
event log and collects it to a database from which is possible to extract a more 
“friendly” structure. 
192.168.0.54 - - [22/Apr/2012:10:15:20 +0100] "GET 
/fileadmin/js/iframe_resize.js HTTP/1.1" 304 - "http:///" "Mozilla/4.0 (compatible; 
MSIE 7.0; Windows NT 5.1; Trident/4.0; .NET CLR 2.0.50727; .NET CLR 
3.0.4506.2152; .NET CLR 3.5.30729)" 
192.168.0.54 - - [22/Apr/2012:10:15:20 +0100] "GET 
/typo3temp/javascript_757c080409.js HTTP/1.1" 304 - "http:///" "Mozilla/4.0 
(compatible; MSIE 7.0; Windows NT 5.1; Trident/4.0; .NET CLR 2.0.50727; .NET 
CLR 3.0.4506.2152; .NET CLR 3.5.30729)" 
Figure 4. 21 Original portal event log. 
This structure is difficult to obtain from the original event logs (Figure 4.21). A tool 
such as Splunk could help by aggregating data in the logs. It analyses structured and 
unstructured event logs and indexes the data for high performance searches (Figure 
4.22).  
                                         
7 www.splunk.com 
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Figure 4. 22 The Splunk8 collecting functionalities. 
The study used the Mac OS X version only as an analyser of a copy of the event log. It 
did not occur any dynamical integration with the Portal event logs. Splunk has an 
Excel export plugin and lets limit the amount of the raw data to be included facilitating 
the transformation of the raw data logs (Roberts, 2013). The data collection happened 
in July of 2012. Once more this data is a general purpose that comes directly from 
the log of the web server of the portal. It has a reduced flexibility to be customized for 
this research but has a high availability. The Figure 4.23 illustrates a fragment of that 
data aggregated in Splunk. 
                                         
8 http://fr.splunk.com/product 
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Figure 4. 23 A fragment of Portal logs. 
4.5   Common Facts and Issues 
Despite of the significant difference of nature of the three exploratory cases, in size, 
goal and structure, it is possible to notice common facts about the exploratory cases. 
Among these are the following: 
• To comprise the environment of a typical information system that sustains any 
organization. 
• To constrain the enactments that sustains the development of business goals. 
• To achieve the best fit between the deployed solution and the organization. 
• Ubiquity deployment of information.  
• Heterogeneous enactment susceptible to be replaced or evolved. 
The observation of the exploratory cases revealed common issues pertinent to the 
effectiveness of a strong complex-networks approach. Among these issues, mainly 
due to an absence of detailing and formalization information in the data collected, are 
the following: 
• Tasks not explicitly defined in the data gathered. 
• Results and activities distinctive separation and clarification. 
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• Lack of data formalization of the several working systems.  
• Lack of information about the used working systems interconnections in order 
to express the integration model. 
• Frequent changes in resources capabilities and functionalities. 
 
Some challenges can be anticipated from the described issues and facts by identifying 
how these kinds of exploratory cases could be enhanced in order to sustain a better 
alignment. The challenges can be stated by the following needs:  
• The need to express or formalize the emergent activities. 
• The need to be able to express and to measure the information systems 
enactment visibility. 
• The need to establish the ought-to-be to deal with the emergent characteristics 
of the virtual organization of information systems. 
The first exploratory case presented is a CRM process modelling assessment through 
the use of a process-modelling tool, the DISCO software. It was conceived, with the 
purpose, to create an inside vision of the role of the specialized human understanding 
in process mining tools. It allowed understanding that the process mining use in the 
phase of process change is very dependent on the quality of the analyser. 
The second exploratory case is the ERP post-adoption evaluation aimed to assess how 
the enactment solves constraints that occur in the ERP use, some of them explicitly 
defined. It resulted in a period of evaluation that identifies an organizational structural 
change and how the ERP adapted and evolved. 
The third exploratory case is a transversal project of a Portal, whose initial main goal 
was to make accessible to the researchers a solution for purchasing and research 
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project’s financial management, that resulted along the time in a more sophisticated 
managerial tool, aggregating a set of unique transversal functionalities. The project 
became the central managerial tool. 
 
For each of the exploratory cases are presented the exploratory perspectives, its 
subjects and data collection, which expressed that the data structure and repository of 
the events is not explicitly developed for this research, but commonly available. A 
comparative scale illustration between the exploratory cases is presented in the Table 
4.2.  
Table 4. 2 A comparative illustration of the exploratory cases. 
The context of the refund process and the 
global topology size 
Measures  Values 
Nodes 1400 
Links 16191 
Type Undirected 
 
 
The context of the ERP and the global 
topology size 
2011  
Measures  Values 
Nodes 82 
Links 373 
Type Undirected 
2012  
Measures  Values 
Nodes 90 
Links 375 
Type Undirected 
 
The context of the Web Portal 
and the global topology size 
Measures  Values 
Nodes 749 
Links 6636 
Type Undirected 
 
 
 
2011 
 
2012 
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As a result of these exploratory cases presentation, an observation becomes clear. 
The use of commodity logs is a unique source of raw data but also a challenge to 
achieve the data transformation for making it useful. Moreover, to use it aiming to 
conceptualize a framework from the complex-network defined dimensions and metrics 
to improve alignment. In the following chapters are given facts and figures for the 
interpretation of the Table 4.2 figures. 
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The Profiling Framework 
 
5.1   Introduction 
The use of the complex-network dimension to augment the alignment reality through 
modelling and measuring the information systems emergent virtual organization 
needs to be complemented with a framework that operationally describes that 
conceptualization. The accomplishment of such framework tracks the blending of the 
knowledge gathered through the theoretical study of information systems, observation, 
practice and development. 
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The development of such framework results from the discussion of the realities and 
the contributions of the chapters 2 and 3. Moreover, orients the study of the 
information systems through an emergent virtual organization’s nature. A framework 
is then an arrangement of an approach-method-tool according to particular conceptual 
reality (Amaral, 1994; Camarinha-Matos & Afsarmanesh, 2007; Snowden & Boone, 
2007). The framework for the exploratory case studies comprises the use of a new 
approach, method and tool that allows the understanding of the information systems 
enactment. 
Even if limited, the proposed framework comprises the acceptance of a set of 
principles that explain and orient its construction. The identification of this set of 
principles results from the fusion of the chapters 2 and 3. They are the findings of a 
reality that is inevitable and desirable. When this set of principles is accepted as a 
sociomateriality enacted, and gathered from data to models, they support the 
construction of a better alignment activity. The diversity of postures relating to the 
information systems alignment suggests a formulation of a set of dimensions and a 
knowledge discovery process description sustaining the framework. 
Modelling and measuring the complexity of the information systems emergent virtual 
organization can be facilitated by an approach that properly focuses in the enactment, 
with perspectives that help to extract its relevant properties. However, the construction 
of the Business Domain, Analytical Domain and Model Domain, while successive 
operationalization of the framework, adds a fundamental difficulty: the translation of 
the nature of the complex-networks metrics and measurement into dimensional 
valuable characteristics. 
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5.2   Dimensions of the Framework 
In the context of emergent systems like the information systems virtual organization, 
modelling and measuring is fundamental for understanding, managing, simulating 
and predicting the behaviour, for alignment development. The left part of Figure 5.1 
illustrates the important nature a modeller may pose when attempting to model and 
measure a virtual organization breeding environment (VBE) (Camarinha-Matos & 
Afsarmanesh, 2007). Moreover, it resumes the complexity of achieving alignment. 
A VBE, in this research, is the organizational context of Users, SaaS and IaaS with a 
main goal of increasing their preparedness towards developing emergent Virtual 
Organizations through sociomaterial enactment. Given the large diversity of modelling 
and measurement purposes, which also leads to different types of models and 
inferences, it is important to establish a framework for modelling that enactment and 
to guide the modelling process (Camarinha-Matos & Afsarmanesh, 2008). 
The proposal of an approach, a method and a tool with the use of a unique 
conceptual reality and a set of principles allows the homogenization of concepts and 
constructions that transform this framework in an easily usable and understandable 
referential. The complex-networks modelling and measuring (CN-2M) of the 
information systems emergent virtual organization intends to augment the 
organization’s alignment process of the information systems.  
The framework, as illustrated in the Figure 5.1, substantiates its support of the 
information systems multidimensionality reality, providing attention to the non-linear 
nature, complexity, and holistic nature of the information systems alignment process. 
Moreover, conveniently translates the descriptive for the study of the “HOW” 
proposition. 
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The multidimensionality, in order to be easily useful in a practical activity, needs to be 
complemented with an orientation that delimits and structures its use. For that 
orientation, we adopted the recommendations of the knowledge discovery into 
databases (KDD) (Fayyad, Piatetsky-Shapiro & Smyth, 1996; T. M. Mitchell, 2009b; 
Pabarskaite & Raudys, 2007). The knowledge discovery into databases is a good 
complement for the description of the steps needed for the knowledge discovery from 
data. Moreover, it includes operationalization concerns that do not exist nor are 
expressly included in the multidimensional approach.  
Multidimensionality and KDD have a complementarity of attention and focus. While, 
the first contemplates the impact of the domains in the alignment the second 
contemplates the connection between the domains and the enactment from data. 
From these particularities results that the CN-2M approach has a broad scope that 
includes the concerns of impact, alignment and connections through enactment. 
Firstly, from the business domain emerges a functional VO a result of the enactment 
of the information system structural competencies to address a business goal. This 
domain outlines the unit of analysis for which has to be gathered the enactment raw 
data. Secondly, the analytical domain describes the emergent virtual organization or 
organizations through multidimensionality. This results from the application of the 
complex-network metrics to the enactment raw data. The raw data through its 
connectivity must be able to describe the VO sociomateriality construction. Finally, the 
resulting models and metrics become available for exploitation, as images of the 
organization, at the model domain. 
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Figure 5. 1 Information system emergent virtual organization profiling framework. 
The scope of the CN-2M results from the acceptance that the multidimensionality 
connects with the emergence of enactment and that the KDD focus into the 
operationalization of the complex-network modelling and measuring of that emergence. 
In resume, the CN-2M develops the alignment in a continuous process of three 
dimensions studied through analytically discovering the emergent “HOW” in the raw 
data representing the enactment as sociomateriality connectivity. 
Business Domain 
Taking into account that, for each top-down structure, there is a subjacent bottom-up 
emergent course, during its enactment, we can devise a dimension on enactment: the 
“Business Domain”. At the business domain, designers use abstraction techniques 
to construct the systems. They focus on processes, integration models, code 
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generation and other techniques in order to realize a system that meets the 
functionality set by the corresponding business profile. 
 
Figure 5. 2 Business domain virtual breeding environment and resulting VO’s entanglements. 
However, the system sociomaterial enactment occurs as a rationalization of 
information flow through the “HOW”. In the enactment rationalization between 
technological functionalities and users emerges a virtual organization as a 
representation of that “HOW”. The “HOW” rationalizes constraints, disturbances, 
non-linearity through the sociomateriality enactment resulting in an emergent virtual 
organization. The virtual organization results in the cloud regions defined in the Figure 
5.2 where the Users, SaaS and IaaS structural definitions constitute their VBE. 
Analytical Domain 
The classification of the enactment into categories according to its properties or 
capabilities is just one of the dimensions concerning the global understanding of the 
information system emergent virtual organization. A set of functionalities, emergent in 
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the system through sociomaterial enactment of the resources are here named 
“Virtual organization emergent profile”(VOEP). 
A virtual organization emergent profile has to be conceived and expressed, as possible, 
from the sociomaterial enactment raw data. Considering that, a model is a (textual or 
graphical) specification or representation, under some perspective, of a system, this 
sociomaterial form can be seen as context model. This perspective of defining and 
viewing the set of functionalities susceptible to be assigned to sociomaterial context 
constitutes the “Analytical Domain”.  
The analytical domain models and measures the virtual organization “HOW” from the 
sociomaterial enactment raw data. The enactment characterizes the nature of the 
sociomaterial forms through the dimensions of segregation, integration, resilience and 
centrality. It results in images of the organization gathered from sociomaterial 
enactment observable through models and measurements (Figure 5.3). 
 
Figure 5. 3 Analytical domain dimension and its dimensions. 
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Model Domain 
The study of the emergent virtual organization aims to develop strongly based models 
and measurement properties. Such approach allows reduction of semantic gaps, 
enables higher independence and resilience of domain models from characteristics 
and changes on VBE and promotes automation of the development tasks, enabling 
reuse of knowledge relative to either best practice on the enactment or to the 
organization VBE. 
The use of models at diverse levels is frequent in the methods of analytical 
approaches, usually associated to levels of distinct abstraction. Also to recognize the 
CN-2M as a useful referential for the study of the emergent alignment four 
characteristics are considered to be included in the model to allow its exploitation. 
They describe the voluntarism and the constructivist nature of the enactment, the 
possibility of inference and the feedback nature. The exploitation is for Jeanne Ross 
(Ross, 2003) the most difficult part of information systems management, but the one 
that through minor changes produces big results (Figure 5.4) in a process from small 
data to big impact. 
 
Figure 5. 4 The model domain dimension. 
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5.3   The Construction of the VO Complex-
Network  
Many information systems virtual organizations can emerge in different VBE and also 
in the same VBE, resulting that the choice of a given business goal must be carefully 
motivated. The process of the VO structural or functional complex-networks 
construction, Figure 5.5, illustrates that conceptualization process through the 
sociomaterial connectivity gathered from the event logs raw data. 
The functional VO can be modelled and measured using complex-networks through 
the following four steps (Figure 5.5) if from the gathered sociomaterial connectivity 
raw data is possible to: 
• Define the network nodes.  
• Define the association between nodes.  
• Generate an association matrix by compiling all pairwise associations 
between nodes to produce a matrix of connectivity. 
• Measure and model the network parameters of interest. 
The step 1 of Figure 5.5 defines the unit of analysis being modelled and measured. In 
this definition can be used prior structural criteria or functional profile evaluation. It 
can also be informed from the profiles of the functional connectivity of the different 
information systems. The functional process is the discovery of the emergent virtual 
organizations from the structural VBE. The step 2 gathers the corresponding data. 
This gathering uses the available raw data in the digital logs at the technological 
systems, in the functional case, and in the design data, in the structural case. 
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At step 3, occurs the transformation of the gathered data into models and 
measurements. It is a critical transformation since the resulting data will be used as 
complex-network input. Different data will produce complex-networks of different 
topology. In this step the raw data transformation, to ensure the limits and quality of 
the data follows the KDD process. Finally, at step 4 from the complex-networks 
models and measurements as images of the enactment is possible to infer and shape 
the information system alignment ought-to-be.  
 
Figure 5. 5 The complex-networks virtual organization sourcing process. 
The Nature of Nodes 
Nodes, gathered from the related business’s raw data, should represent the unit of 
analyse alike coherent structural or functional elements. Additionally, the unit of 
analyse should be completely covered and the individual nodes should not spatially 
overlap. Heterogeneous combination of the unit of analysis elements into single nodes 
turns out to be unmeaning. The node of the complex-network that abstracts the 
information system’s emergent VO represents users and technological artefacts. 
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These nodes as a representation of a sociomaterial construction of the VO do not have 
relevance relatively to each other. 
The addressed technological artefacts are software-based artefacts such as packages, 
modules or web applications. The web applications are represented by the web page 
id that describes the web application functionalities. The enactment of these artefacts 
occurs at the SaaS level and is constrained by the structural decisions. The 
connections between packages and modules or the structure of the web application 
represent those constraints. 
The nature of links 
The links represent the nature of the enactment connectivity. The different types of 
structural and functional links result from their weight and directionality. Weights in 
structural complex-networks represent the size, density, or coherence of structural 
integrations. Weights in functional and effective complex-networks represent the 
magnitudes of correlational or causal interactions. This is useful for clarifying the 
influence of weak and potentially non-significant links. 
Weak and non-significant links may represent false connections, particularly in 
functional complex-networks. The links can have directionality as a differentiator 
element. Thus, structural and effective connectivity can conceptually be represented 
with directed links. Directed patterns of effective connectivity may be deduced from 
changes in functional activity following localized change. 
A direct link runs only in one direction. Undirected links run in both directions and can 
be represented by direct links with two directions. The sociomaterial nature of the 
emergent virtual organization results undirected since technology or users can trigger 
the enactment and develop the link although the direct nature of the software 
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technology (M E J Newman, 2003). Moreover, the structural nature of the VBE 
develops with direct links through expected behavior at the design phase. 
Data format 
The connectivity composition of the network can be represented, ordinarily, by a 
matrix, edge list or adjacency list (Table 5.1). The matrix represents the links in an n x 
n (n = number of nodes) matrix. In such a matrix the 1 or 0 defines, respectively, the 
link existence or not. The adjacency list represents in each line all the node links. The 
edge list represents the links in a two-column matrix, representing each line a single 
link. In an edge list, the weight of the link results from the number of equal 
occurrences. 
The edge list is a very space-efficient and convenient way to store the network 
structure, easily allowing association of properties to the link by storing them 
associated with node pairs. However, the edge list poorly relates to memory 
computation of the measurements and models.  
When using the edge list the complex-network creation algorithm firstly creates in the 
computer memory an empty network. Afterwards runs through the stored links and 
adds one by one to the network in memory. Finished the process, the topological 
structure of the stored network exists in memory and is ready to be used. This 
process does not take long, with the actual level of computational power becoming a 
good compromise between storage and use. 
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Table 5. 1 Data format representation of connectivity. 
Data Format Connectivity Representation 
Adjacency list  
 
 
 
 
a->b, b->c,b->d 
a:b 
b:c:d 
Matrix a:b:c:d 
a:1:0:0 
b:0:1:1 
c:0:0:0 
d:0:0:0 
Edge List a:b 
b:c 
b:d 
 
Data transformation 
Complex-networks are an approach from data to models and metrics through a data 
transformation. Transformation relies on the information extraction from the 
connectivity recorded in unstructured or structured event logs. The challenge is the 
raw data gathering describing the sociomaterial region to be modelled. Since the 
beginning of technology adoption, the information technologies collect data through 
recording to a log file the entities and events. 
The resulting events log schema characterizes the interaction and identifies the 
entities events uniquely. However, the data gathering process has to clean the raw 
data by removing from the unit of analysis the no relevant records. It is a three steps 
process (Pabarskaite & Raudys, 2007) following the knowledge discover into 
databases (KDD) (Figure 5.6) and occurs at the beginning of the analytical domain 
after the definition of the target raw data from the global available data.  
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Figure 5. 6 The knowledge discovery process for complex-network modelling and measuring adapted from (Fayyad et al., 
1996). 
It generates an edge list, as transformed data, able to be imported to the software 
used for complex-network modelling and measuring. The multidimensional 
dimensions of the VO become available for analysis. It results into the preparation of 
the various models and measurements of the discovered emergent VO. Depending on 
the task and available data the sequence of tasks may vary (Figure 5.6). 
The data collection looks too often understated or trivial, but for the capture of the VO 
the mining need for gathering the network schema, is subject to a lot of attention. In 
several cases, the common log format (CLF) provides enough information for the 
further steps, but in certain cases some extensions of the log format suit better the 
mining process. Furthermore, in certain cases in order to obtain more information a 
different data collecting method must be used. 
The extraction of event data suitable for complex-networks modelling and measuring 
still takes considerable efforts. Typically, several problems need to be overcome, 
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namely data distribution, information flow centric, incomplete events data, different 
levels of granularity and context (van der Aalst et al., 2012). The lessons learned in 
the context of process mining are useful to ensure a high-quality edge list of the VO 
from event logs. 
5.4   Software for Modelling and 
Measuring 
The main goal of having an edge list is to be able to understand the corresponding 
complex-network model and measures. Aiming to that understanding, visualizations 
are useful to leverage the perceptual abilities of humans to infer through complex-
networks models and measures. However, this process is inherently difficult requiring 
exploration strategy. Moreover, real-time visualizations and analysis to improve the 
user’s exploratory process must result from technical accurate and visually attractive 
network exploration tools. 
Interactive techniques have successfully guided domain experts through the complex 
exploration of networks. The exploration tools main properties are high quality layout 
algorithms, data filtering, clustering, statistics and annotation (Bastian, Heymann & 
Jacomy, 2009). In practice, these properties develop into flexible, scalable and user-
friendly software. 
Three examples are Cytoscape9, Pajek10 and Gephi11. Cytoscape “is an open source 
software platform for visualizing complex networks and integrating these with any type 
                                         
9 www.cytoscape.com 
10 http://pajek.imfm.si/doku.php 
11 www.gephi.org 
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of attribute data”. Pajek, “(Slovene word for Spider) is a program, for Windows, for 
analysis and visualization of large networks”. Gephi “is an interactive visualization and 
exploration platform for all kinds of networks and complex systems, dynamic and 
hierarchical graphs”. 
Gephi brings network visualization to both experts and inexperienced audience 
through analysis plainness and modern user interface. The modules organize around 
a central visualization area providing an easy and broad access to network data and 
allowing spatial analysis, filter, navigation, manipulation and clustering. These 
characteristics influenced the choice of this software as the tool for this research. 
The Gephi Software 
Gephi network exploration and manipulation software includes modules for import, 
visualize, layout, filter, manipulate and export types of networks. Its engine uses 
computer graphics in an approach similar to the one existing in the video games and 
producing a 3D engine for visualization. It can deal with large networks up to about 
20.000 nodes by taking advantage of multi-core processors to develop a multitask 
model (Bastian et al., 2009).  
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Figure 5. 7 The central window of the Gephi User Interface. 
The user interface (Figure 5.7) is structured into Workspaces, where separate work 
can be done. Great attention has been taken to the extensibility of the software with 
the availability of plugin solutions where an algorithm, filter or tool can be easily added 
to the program. Sets of nodes or links can be obtained manually or by using the filter 
system. Filters can select nodes or links with thresholds, range and other properties. 
Moreover, it is easy to divide network communities or to get the nodes that have 
higher degrees. The usefulness of a network analysis comes from the data associated 
to nodes/links. Graphical modules like, size gradient, colour gradient or colour 
clusters can be applied, in sets of nodes, in order to change the network layout. 
Graphical modules available under the ranking option modify the display parameters, 
like colours or size, to augment the network structure or dimension understanding. 
In the user interface visualization module is possible to explore the networks in an 
interactive way. Moreover, it can also be exported as a SVG, PDF or PNG files. The 
design of nodes, links and labels, can be characterized from a set of shape properties. 
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Fonts and labels are remarkably interesting due to its availability and quality. For 
instance, labels can be proportionally defined relatively to node relevance. 
This results in a rich environment where the most relevant networks related 
algorithms integrate with easy and intuitive exploring dynamics. Moreover, the 
architecture supports a timeline component allowing networks which development or 
content varies over time. A time slice is available from which is possible to execute 
system queries to all matching nodes and edges and update the visualization module. 
Hereafter dynamic network visualization can be developed as movie sequences. 
The dynamic environment can be fuelled with a compatible network data format file or 
from external data sources. The available interoperable architecture easily allows 
communication creations with existing software, third parties databases or web-
services (Bastian et al., 2009). A data source such as Splunk allows the capture of 
network data from event logs and produce results on the visualization module. For 
instance, it can be used to feed Gephi in order to see the network development over 
time. 
Comparing Gephi results 
As Gephi works as a black box, it is necessary to understand the quality of the 
gathered results. It is used a common algorithm, implemented in C programming 
language, to calculate a simple network for which is possible a manual calculation. A 
description of the algorithm used, the average clustering algorithm is illustrated in the 
Figure 5.8. 
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Figure 5. 8 A common Implementation of the clustering coefficient algorithm in the C programming language. 
/* Computes the average clustering coefficient of a network of size N */ 
#include <stdio.h> 
#include <stdlib.h> 
#define N 10000 
int main(void) 
{ 
    int row_size[N], **a, i, j, k, l, m=0, chr; 
    FILE *input; 
    double clust_coeff[N], av_cc=0.; 
    for (i = 0; i < N; i++){ clust_coeff[i] = 0.;} 
    input = fopen("../net.adj", "r"); a = calloc(N, sizeof(int *)); 
    for (i = 0; i < N; i++){ row_size[i] = 1; a[i] = calloc(row_size[i], sizeof(int)); j = 0; fscanf(input, "%d", &a[i][j]); 
 while( (chr = fgetc(input)) != '\n'){ row_size[i]++; a[i] = realloc(a[i], row_size[i] * sizeof(int)); j++; fscanf(input, 
"%d", &a[i][j]); } } 
fclose(input); 
for (i = 0; i < N; i++){ for (j = 1; j < row_size[i]; j++){ for (k = 1; k < row_size[ a[i][j] ]; k++){for (l = 1; l < row_size[i]; l++){ 
     if (a[ a[i][j] ][k] == a[i][l]){ clust_coeff[i]++; 
     }}}} 
      if (row_size[i] - 1 != 0 && row_size[i] - 2 != 0){ clust_coeff[i] = clust_coeff[i] / ((row_size[i]-1)*(row_size[i]-2)); 
 av_cc += clust_coeff[i]; m++; 
 /*printf("%d\t%f\n", i, clust_coeff[i]);*/ 
      }} 
printf("%lf\n", av_cc/m); 
for (i = 0; i < N; i++) 
 free(a[i]); 
free(a); 
return(0); 
} 
 
The Table 5.2 illustrates the used network example as an adjacency list. The left side 
represents the nodes through a number, and the right side represents its links. After 
calculating the example network, using Gephi and the algorithms, we compared the 
results. The Gephi results are valid consistently. We considered that, for the 
measuring and modelling goals of the presented research Gephi represented a good 
approach. Moreover, regarding the quality of the results and the implemented 
functionalities for visualization and values manipulation. 
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Table 5. 2 The adjacency list of the example network. 
0 
1 
2 
3 
4 
5 
6 
7 
1 3 4 
0 2 
1 4 
0 
0 2 
6 7 
5 7 
6 5 
5.5   Conclusions 
Unstructured machine data such as event logs are extremely diverse and complex. 
The described framework represents what needs to be done for the purpose of proper 
complex-networks modelling and measure of information systems emergent virtual 
organization from machine data. Instead of identifying the main perspectives and CN-
2M needful components starting from scratch, we tried to as much as possible reuse 
some already defined concepts that are more familiar to information practices. 
The goal of this framework is to develop the theoretical foundation of alignment and 
complex-networks. For that, uses the event data to extract emergent virtual 
organizations that arise through the continuous sociomaterial construction of the 
information systems. While there has been extensive development of automated 
techniques for alignment in the last decade, it has become increasingly evident that 
achieving the understanding of its complexity involves a level of sociomaterial 
enactment analysis. 
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Therefore, we aim to use the features of complex-networks modelling and measuring 
to combine automated analysis with interactive visualizations. This would allow 
combining flexibility, creativity, and background knowledge in the decisions to develop 
an effective understanding of information systems. The insights obtained from such 
visualizations and metrics can be used to improve alignment as a process from the 
enactment. However it is clear that the establishment of a framework able to capture 
the variety of information systems emergent virtual organization and their complexity 
is a bubbling long-term effort. 
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6 
The BPM Exploratory Case  
 
6.1   Introduction 
In this chapter, the exploratory case of the information system of the refunding 
process in Chapter 4 occurs through the use of the profiling framework developed in 
the Chapter 5. This analysis starts with the description of the sociomaterial virtual 
breeding environment (SVBE) by means of a complex-network. Moreover, focuses on 
the discovery of the virtual organization emergent profile (VOEP), from the enactment 
recorded in the event logs raw data of the CRM that manages the refunding process.  
The questions are:  
• Can the defined profiling framework achieve the “HOW” of the refunding 
process?  
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• Are the results comparable with the results achieved through the process 
mining approach? 
The process starts through the definition of the SVBE that in this case are the 
activities, resources and channels defined in the customer relationship tool that 
manages the refunding process. The SVBE enactment, represented into the CRM tool 
logs, is used as the input for the profiling framework. 
6.2   Data Transformation 
In the profiling framework a fundamental step after the selection of the 
sociomateriality, is the technological raw data logs transformation into data capable to 
describe the correct sociomateriality as a complex-network.  The raw data illustrated 
in the Figure 6.1 results from the data gathering process from the CRM described in 
the Chapter 4 regarding the BPM exploratory case. The data collected resulted in a 
CSV file.  
That file presented, in the header, the definition of the common separated values. The 
first value defined the Case ID, the second value the Activity, the third value the 
Resource used, the fourth value the date and time, the fifth value the Comment, and 
the last value the channel used for the refund process (Figure 6.1). The Case ID is 
linked to an action event that results into an activity and finishes in a resource value. 
All this is done using a communication channel that linked with the Case ID. 
Case ID,Activity,Resource,Complete Timestamp,Comment,Channel 
Case360,Order created,Value 1,11/28/11 9:27,Value 1,Callcenter 
Case360,Request signed L1,Value 3,11/28/11 9:36,Value 1,Callcenter 
Case360,Request signed L2,Value 6,11/28/11 15:08,Value 1,Callcenter 
Case360,Shipment via forwarding company,Value 11,12/14/11 9:49,Value 1,Callcenter 
Case360,Product ready for scrapping,Value 13,12/28/11 8:47,Value 2227,Callcenter 
Figure 6. 1 The raw data of the refunding process enactment gathered from the CRM logs. 
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The transformation of the refunding process raw data into the edge list resulted as 
illustrated in the Table 6.1. In the transformation process are used the common 
separated values with the exception of the time stamp and comment. The time stamp 
and comments are considered not to be relevant moreover resource Value 1 
appeared in most of the comments. We are mostly interested in the enactment of the 
resources through refund process use for answering a case.  
Table 6. 1 A resume of the edge list that resulted from the raw data transformation process. 
Node Node 
Case360 Order_created 
Case360 Request_signed_L1 
Case360 Request_signed_L2 
Case360 Request_signed_L3 
Request_signed_L3 Value_10 
Pick-up_prepared Value_11 
Shipment_via_forwarding_company Value_20 
Product_received Value_13 
Payment_issued Value_13 
Case1221 Value_11 
Case1221 Value_6 
Case1221 Value_18 
 
The resulting edge list that describes the enactment to be used as input for the 
complex-network presented as nodes, Case ID, Activity, Resource, and Channel 
representing the VBE. 
Table 6. 2 The context of the global refund process. 
Measuring Measures  Values 
Context Nodes 1400 
 Links 16191 
 Type Undirected 
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The virtual organization emergent profile (VOEP) context is represented through 1400 
nodes with 16191 links in an undirected network. Table 6.2 illustrates the context.  
6.3   Results 
6.3.1  Segregation  
Communities 
The communities’ measurement resulted in 6 communities illustrated in the Table 6.3. 
Two of the communities, the communities 5 and 1, presented a value of more than 
64% of the overall topology, with values of 41,79% and 23% respectively. The 
communities 0, 4, and 3 presented the values of, 18,36%, 11,57% and 2,86% 
respectively. Finally, the community 2 presented a value of 2,43%. 
Table 6. 3 Communities overall values. 
Measuring Measures  Values 
Communities 
 
 
The topology of the communities presented in the Table 6.4 zooms some of the 
relevant nodes of each communities. A topological nature of the most relevant nodes 
is visible together with the relevant links. 
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Table 6. 4 Communities’ topology and a global overview. 
Community 5 
 
Global Topology 
 
Community 4 
 
Community 3 
 
Community 2 
 
Community 0 
 
Community 1 
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The community 1 integrates the RequestsignedfL1, Ordercompleted, 
MissingDocumentsRequested and ShipmentViaLogisticsPartner nodes. The 
community 0 integrates the OrderCreated node. The community 4 integrates the Pick-
unprepared, ShipmentViaforwardingcompany, PaymentIssued, 
Productreadyforscrapping nodes.  
The community 5 integrates the RequestisignedL3, RepairshopX-OK,  Amountmodified, 
SpecialRefundissued, Warehouse, InvoiceModified, RequesterejectedL3 and the 
Dealer nodes. The community 3 integrates Productreceived and RepairshopX-
Checking nodes. The community 2 integrates the nodes RequestesignedL2,  
Productscrapped, RequestrejectedL2  and Ordersentback. 
Table 6.5 illustrates additional nodes for each community. The nodes marked in bold 
represented some of the refunding process activities. 
Table 6. 5 Communities’ nodes illustration. 
Community 5 Community 1 Community 0 Community 4 Community 3 Community 2 
RequestsignedL3 RequestsignedL1 Ordercreated Case360 Productreceived RequestsignedL2 
Case1244 Ordercompleted Case369 Pick-upprepared 
ReparishopX-
Checking Case1020 
RepairshopX-OK 
Missingdocumentsr
equested Case368 
Shipmentviaforwardi
ngcompany Case324 Case57 
Amountmodified 
Shipmentvialogistics
partner Case367 Paymentissued Case315 Case637 
SpecialRefundissued Checked Case365 
Productreadyforscra
pping Case614 Case182 
Warehouse Case1249 Case364 Case1254 Case293 Case6 
Dealer RequestrejectedL1 Case363 Case1257 Case289 Case958 
RepairshopX-Rejected Case366 Case362 Case357 Case288 Case245 
Invoicemodified Case359 Case361 Case344 Case241 Case521 
RequestrejectedL3 Case343 Case355 Case91 Case1167 Case175 
Case375 Case467 Case1195 Case1221 Case850 Productscrapped 
Case405 Case424 Case1163 Case517 Case1081 Ordersentback 
Case865 Case563 Case1135 Case753 Case1074 RequestrejectedL2 
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Clustering 
The topology of the clustering is illustrated in the Figure 6.2. From that topology is 
possible to identify at least five nodes, Value29, Value26, Value23, Value32 and 
RefundChecked.  
 
Figure 6. 2 The clustering topology of the refunding process. 
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The Table 6.6 extends the topology visibility where the nodes Value23, Value29 and 
RefundChecked presented a clustering value of 1. Moreover, the node representing 
the activity of RequestrejectL3 presented a value of 0.26. The bold region identifies 
the nodes that represent some of the refunding process activities. Moreover, are 
identified a group of nodes with the same clustering value, 0,02. The community is 
also represented in the Table 6.6 for an improvement in the identification of the nodes 
in the topological images of the enactment. 
Table 6. 6 Clustering metrics measurements. 
Nodes Clustering Community 
Value23 1,00 2 
Value29 1,00 3 
Refundchecked 1.00 5 
Value26 0,66 1 
Value32 0.66 3 
Case706 0,27 5 
RequestrejectedL3 0,26 4 
Productreadyforscrapping 0,04 4 
Value20 0,04 4 
Value19 0,04 2 
Shipmentviaforwardingcompany 0,03 4 
Value13 0,03 4 
Refundissued 0,02 4 
RepairshopX-Rejected 0,02 5 
Value10 0,02 5 
Value5 0,02 5 
Value11 0,02 4 
Value18 0,02 1 
Value12 0,02 3 
Productscrapped 0,02 2 
Value14 0,02 4 
Value9 0,02 2 
Pick-upprepared 0,02 4 
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6.3.2  Integration 
Path 
The integration measured through the path presented a value of 2,018 as illustrated 
in the Table 6.7.  
Table 6. 7 Average path length measurement. 
Measuring Metric  Measurement 
Integration Average Path Length 2,018 
Closeness 
The topology of the closeness centrality is illustrated in the Figure 6.3. From that 
topology are possible to identify at least the relevant nodes, Invoicemodified, 
Callcenter, Refundchecked, Internet, Refundissued, Warehouse, RepairshopX-Rejected, 
SpecialRefundissued, RepairshopX-OK and Productscrapped. A resume of the farness 
of the nodes is presented in the Table 6.8 as closeness. The table 6.8 resumes the 
closeness topological values. 
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Figure 6. 3 Closeness centrality topology. 
The Pick-upprepared, the Ordercompleted and the RequesterejectedL1 nodes 
presented the values of 1,72, 1,77 and 1,85 respectively. The Invoicerequested node 
presented a value of 1,98 and the Productscrapped node presented a value of 2,50. 
The Table 6.8 resumes the closeness centrality that determines the integration 
characteristics. The Callcenter node presented a value of 2,91, the Internet node 
presented a value of 2,86 and the Dealer node presented a value of 1,24.  
The BPM Exploratory Case 
 IV-141 
The Refundchecked node presented a value of 2,91 equal to the value of the 
CallCenter node. The Invoicemodified node presented the highest value 2,95. The 
Ordercreated node presented the lowest value 1,04 followed by the Dealer node with 
1,24. The Missingdocumentsrequested node presented a value of 1,43. The 
Shipmentvialogisticpartner node presented a value of 1,69. The 
Supplementsrequested node presented a value of 2,33.  
Table 6. 8 Nodes closeness centrality. 
Node Closeness Centrality 
Callcenter 2,91 
Refundchecked 2,91 
Internet 2,86 
Refundissued 2,83 
Productscrapped 2,50 
RequestrejectedL3 2,49 
RequestrejectedL2 2,49 
Supplementsrequested 2,33 
Createrefund 2,30 
Ordersentback 2,22 
ReparishopX-Checking 2,18 
Productchecked 2,17 
Invoicerequested 1,98 
Paymentissued 1,98 
Checked 1,96 
Amountmodified 1,96 
RequestsignedL2 1,95 
Productreadyforscrapping 1,91 
Shipmentviaforwardingcompany 1,86 
RequestrejectedL1 1,85 
Ordercompleted 1,77 
Pick-upprepared 1,72 
Shipmentvialogisticspartner 1,69 
RequestsignedL1 1,47 
Missingdocumentsrequested 1,43 
Dealer 1,24 
Ordercreated 1,04 
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6.3.3  Centrality 
Degree 
The degree topology is illustrated in the Figure 6.4. From this illustration is possible to 
characterize a set of relevant nodes. Those nodes are the Dealer, Ordercreated, 
Value2, Requestesignedl2, Productreceived, Missingdocumentsrequest, 
RequestsignedL3, Value6, Value2, Value7 and Pick-upprepared. 
 
 
Figure 6. 4 The degree topology. 
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The Table 6.9 gives a more detailed measurement of the most relevant nodes. 
Table 6. 9 The degree measurements resume. 
Nodes Degree 
Value1 1340 
Ordercreated 1339 
Dealer 1205 
Value2 1009 
Missingdocumentsrequested 804 
RequestsignedL1 744 
RequestsignedL2 670 
Value3 665 
RequestsignedL3 659 
Productreceived 580 
Value7 577 
Value6 555 
Shipmentvialogisticspartner 436 
Pick-upprepared 394 
Value11 375 
Value13 363 
Ordercompleted 339 
ReparishopX-Checking 292 
Ordersentback 279 
Value5 279 
Value4 237 
RequestrejectedL1 226 
Shipmentviaforwardingcompany 205 
 
The nodes with highest value of degree are the Value1, OrderCreated, Dealer, 
Missingdocumentrequested, RequestsignedL1 and RequestsignedL2 with the values 
of 1340, 1339, 1205, 804, 744 and 670 respectively.   
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6.3.4  Betweenness 
The betweenness topology presented in the Figure 6.5 illustrates six relevant nodes 
that are the Ordercreated, Dealer, Missingdocumentsrequest, RequestesignedL1, 
Value1 and Value2. 
 
Figure 6. 5 The betweenness topology. 
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The Table 6.10 summarizes the measurement of betweenness metric of the most 
relevant nodes. It presents the Ordecreated, Dealer, Missingdocumentsrequested, 
RequestsignedL1, RequestsignedL2, Productedreceived, RequestsignedL3, 
Shipmentvialogisticspartner, Ordercompleted and Shipmentviaforwardingcompany 
nodes as the ones that have the higher betweenness with the values of 187206,78, 
153049,07, 60467,28, 34355,69, 25661,78, 24048,80, 23724,12, 
13727,3710394,34 and 2424,89, respectively. 
Table 6. 10 The betweenness measurements resume. 
Nodes Betweenness  
Value1 188444,39 
Ordercreated 187206,78 
Dealer 153049,07 
Value2 97663,49 
Missingdocumentsrequested 60467,28 
Value3 43305,90 
RequestsignedL1 34355,69 
RequestsignedL2 25661,78 
Productreceived 24048,80 
RequestsignedL3 23724,12 
Value7 18712,63 
Value6 17997,30 
Shipmentvialogisticspartner 13727,37 
Ordercompleted 10394,34 
Value11 9264,85 
Value13 9211,99 
Pick-upprepared 8795,20 
Ordersentback 5221,62 
ReparishopX-Checking 4423,47 
RequestrejectedL1 4259,71 
Value5 3790,25 
Value4 2795,44 
Shipmentviaforwardingcompany 2424,89 
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6.3.5  Resilience 
Degree Distribution 
The degree distribution has a higher concentration of degree in a few sets of nodes, 
between the 0-100, following what is described as a scale-free degree distribution 
(Figure 6.6). 
 
Figure 6. 6 Degree distribution. 
6.4   Lesson Learned 
The process mining approach identified the bottleneck as been related to the missing 
of information to initiate and develop the refunding process. The material shipping 
process also constrained the refund process.  
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Three main conclusions are found: 
• There are missing documents necessary to the process to advance and 
come to an end; 
• There are too many hands off after the refund request is received. 
• There are performances disparities among the transport companies 
responsible to collect the product and send it to the company 
headquarters. 
To address the missing documents problem, the refunding process was changed in 
order to only use one document (the invoice) when it is necessary to accept the 
refund request and online access to the customer transactions was provided in order 
to prevent the missing documents to re-occur. After process analysis empowerment of 
the workforce was taken and instead of performing specialized tasks, participants 
stated to play the full activity to spark defective product and pick it up quicker from 
the customer.  
Expanding the job scope upstream and downstream in order to maintain a person 
with the case longer eliminated the hands offs. This addressed the second bottleneck. 
To eliminate the third bottleneck discrepancies the contact with the logistics partner 
was renegotiated, and poor performers are abandoned.  
Resorting to the profiling framework models and measures exposed the emergent 
virtual organization of the exploratory case. The scattered observations of the topology 
models of each dimension and the measurement made possible to stress out 
pertinent issues.  
Among the issues detected are the following:  
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• The need to translate the description of the process flow from the raw data 
into a complex-network linked structure. 
• The need to add organization semantics to the models and measurements 
from which depend the inference decisions related to the drive of the 
process flow. 
With those issues in mind some answers can be given to the proposed questions. The 
lessons learned are only possible due to the collaboration between the researcher and 
the organization (Process Sphere) that produced the evaluation of the process using 
the process-mining tool. The lessons learned result from the discussion of the results 
with the company that knows the organizational context in order to give semantics to 
the models and measures. 
The profiling framework determines the same patterns and expands their emergent 
development and enactment. The segregation dimension identified the related nodes 
that occur when a refund process is done. It reproduced 6 communities that 
described the nature of the process execution. In this result emerges the process 
mining evaluation related with missing information that forces the process to not be 
efficient. This result is reinforced in communities’ nodes that in the most relevant 
community, community 5, integrates the RequestedsignedL3 as the central node.  
The activity related node with the most relevant clustering measure is the 
Refundechecked with a clustering equal to 1. Completely connected nodes, clustering 
= 1, mean that they have only two links. Since the data was made available 
anonymously is not possible to understand the Value23 and Value29, but the 
Refundchecked is the activity node that represent the verification of the refund and 
occurs in every refund instantiation and that should have a limited connected 
structure. 
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The profiling framework measurement of integration defines an average value that can 
be used as a referential value for changes in the refunding process something that 
does not exist in the process mining approach. The computed value is only 
exploratory since until now there is no process integrating measurement. The 
measuring of the integration dimension derives to the same conclusion of process 
mining.  The closeness centrality gives a notion about the position of the node in the 
flow of the information determining its value in the availability of information to the 
other nodes.  
The node that has a higher closeness value, meaning that has a lot o potential to be 
connected to neighbour nodes and determine the ability of information is the 
Callcenter. It determines that this node is relevantly connected to the instances of the 
refunding processes. It evidences that this node consistently exists connected to the 
case ID and is the preferable channel to the execution of the refunding process.  
However, in the betweenness measurement the Dealer channel is important for the 
information flow. A lesson learned is that the missing information flow is controlled 
through the Dealer channel; if there are missing documents it is better to ask to the 
Dealer. Moreover, if it is necessary to know about the information (missing) is better 
to use the Callcenter channel. 
The degree identified the central activities of the refunding process in the centrality 
dimension. The nodes central in the process are Ordercreated, Dealer and 
Missingdocumentsrequested. Also in this dimension, the betweenness centrality 
measured that the Ordercreated and Dealer are the most relevant nodes. This 
identifies the starting point of the process and is consistent with the concept of the 
information flow and the preferable attachment.  
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The betweenness of the node Shipmentvialogisticspartner is much higher than the 
betweenness of the node Shipmentviaforwardingcompany. This result tackle the 
discussed disparities among transport companies identified by the process mining. 
The resilience dimension presents the scale-free nature of the refunding process 
pointing out that the process removal of some relevant nodes can be critical. 
Moreover, it shows that the refunding process is scalable by integrating new nodes. 
The profiling framework identified the prominent problems as the process mining but 
moreover added the emergent dimensions that allow the understanding of the 
refunding process enactment. Additionally, a unique result of the emergent virtual 
organization is the process characterization with a scale-free distribution, something 
that the process mining had no way to determine.  
A limitation of the results is the exploration of a single business process. Moreover, 
the value of integration that is not comparable with previous measurements or with 
other similar processes. These observations determined that the conceptual modelling 
and measuring of the technology use data through the profiling framework dimensions 
develops an additional augmented understanding of the reality. 
6.5   Conclusions 
With the profiling framework is possible to expand the reality of the process-mining 
conclusions through the deployment of models and measurements of the 
sociomaterial enactment. This profiling framework is in its early stage of application 
but the comparison with a well-established approach such as the process mining 
suggests its relevance. 
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7 
The ERP Exploratory Case 
 
7.1   Introduction 
In this chapter we use the profiling framework to proceed with an exploratory case of 
the ERP sociomateriality. The exploratory case is described in chapter 4. This analysis, 
start with the description of the virtual breeding environment (VBE) of the 
sociomateriality and focuses in the discovery, of the virtual organization emergent 
profile (VOEP) through the enactment reflected into the ERP event logs raw data. 
The questions are:  
• Can the defined profiling framework achieve the ERP “HOW” from the 
enactment logs?  
• Do the results make possible to infer about the alignment drive? 
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The process starts through the definition of the VBE that in this exploratory case is the 
ERP enactment. Its enactment is represented into the ERP logs and is used as the 
input for the framework. The scale of each topology is done through representing the 
nodes in a scale from 10 to 100 corresponding 10 to smallest and 100 to the largest 
value of the node in the related dimension. The colours are associated with the 
communities and the weight of the links is related with its relevance. 
7.2   Data Transformation 
As described in the profiling framework its necessary a data transformation process 
that allows the assembling of the edge list. The structure of the raw data collected is 
illustrated in the Table 7.1. 
Table 7. 1 The ERP raw data collected through the ODBC connection. 
Package Module User  Date   Operation 
CBL Movimentos User  14-07-2012  
12:20:52  
  removido(a) 
 Ano='2012', Diário='31', Nº Diário='60449'      
GCP Artigo/Moeda User  14-07-2012  
12:19:11  
  adicionado(a) 
CBL Movimentos User  14-07-2012  
12:07:33  
  alterado(a) 
 Ano='2012', Diário='31', Nº Diário='60414'      
 MesContab 0  6    
 Recapitulativos falso  verdadeiro    
 
The resulting edge list is illustrated in the Table 7.2. It is achieved trough the 
execution of the data transformation process and resulted into a complex-network of 
users, packages and modules and operation nodes that represents the VBE. 
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Table 7. 2 The ERP edge list summary. 
Node Node 
A User 
M User 
R User 
M User 
GCP DocCompra 
RHP AltMensalRemuneracao 
GCP DocVenda 
GCP OutroTer 
GCP Fornecedor 
GCP ArtigoResiduo 
 
The R node represents the operation removido(a), the A node represents the 
operation adicionado(a) and the M node represents the operation alterado(a). The 
VBE data transformation resulted in the context described in the Tables 7.3 and 7.4 
for the years 2011 and 2012, respectively. The ERP context for the year of 2011 
presented 82 nodes, 373 links and represents by an undirected network. For year 
2012 the ERP presented also an undirected network but with 90 nodes and 375 links. 
Table 7. 3 The context of the ERPs’ 2011 network. 
Measuring Measures  Values 
Context Nodes 82 
 Links 373 
 Type Undirected 
 
Table 7. 4 The context of the ERPs’ 2012 network. 
Measuring Measures  Values 
Context Nodes 90 
 Links 375 
 Type Undirected 
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7.3   Results 
7.3.1  Segregation 
Communities 
The communities presented a value of 4 and are illustrated in the Table 7.5. No 
community has a preponderant overall value. The larger community, the community 1, 
presented the value of 39,02%. The community 0 presented a value of 24,39%, the 
community 3 presented a value of 20,73% and the community 2 presented a value of 
15,85%. 
Table 7. 5 The ERP’s 2011 community’s measurements. 
Measuring Measures  Values 
Communities 
 
 
The year 2011 communities’ topology is described in the table 7.6. The topology is 
zoomed in order to facilitate the visualization of the nodes. However, in some cases 
that is not completely achieved. The community 1 presented a topology with a 
stronger link between the nodes U1 and RHP. The community 0 presented a relevant 
topology between the nodes GCP, U11, U2, ArtigoMoeda, R and ArtigoResiduo and 
EAP determined by stronger links. The community 3 topology presented the nodes A, 
U3, U8, DocCompra with stronger links. The community 2 topology presented the 
nodes U9, CBL, U5 and M with stronger links. 
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Table 7. 6 ERP’s 2011 community’s topology. 
 
Community 1 
 
Global Topology 
 
Community 3 
 
Community 0 
 
Community 2 
 
The year 2012 presented a communities value of 4 illustrated in the Table 7.7. Two 
communities, the community 3 and 1 presented the same value 32,22%. The 
community 2 presented a value of 21.11% and the community 0 presented a value of 
14,44%. 
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Table 7. 7 The ERP’s 2012 community’s measurements. 
Measuring Measures  Values 
Communities 
 
 
The year 2012 communities’ topology is illustrated in the Table 7.8. The topology of 
the community 3 presented the stronger links between the nodes U15, RHP, 
Pagamento and CadastroSegSoc. The community 1 topology focuses in the stronger 
links between the nodes U8, GCP, U3, U13, DocCompra and R. The community 2 
topology focuses in stronger links between the nodes U11, EAP, Ficha, M and 
Pendentes. The community 0 topology focuses the stronger links between nodes CBL, 
U5, A and Movimentos. 
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Table 7. 8 ERP’s 2012 community’s topology. 
 
Community 3 
 
Global Topology 
 
Community 2 
 
Community 1 
 
Community 0 
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7.3.2  Clustering  
The Figure 7.1 illustrates the topology of the clustering in 2011. In that topology is 
visible an equilibrium in the size of the nodes, that represents the clustering value. 
However, some nodes present visible low clustering values. Such nodes are of the Ux 
type.  
 
Figure 7. 1 ERP’s 2011 clustering topology. 
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The Figure 7.2 illustrates the clustering topology of the ERP sociomaterial enactment 
in 2012. Two nodes, U14 and admin presented the higher values of clustering. 
 
 
Figure 7. 2 The ERP’s 2012 clustering topology. 
The table 7.9 (N=Nodes, C=Clustering and Co=Community) illustrates the clustering 
values for the ERP in 2011. The table presented the modules of the ERP with the 
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higher values. It illustrates that the same clustering values distributes over a group of 
nodes. Moreover, the group of nodes with the same clustering value are part of 
different communities. 
Table 7. 9 The ERP’s clustering measurements of 2012 and 2011. 
2012                                                  2011 
N C   Co   N C Co 
U14 1,00   1   MovBancos 0,67 2 
admin 1,00   3   Moeda 0,67 3 
DocumentosCBL 0,33   2   DocumentosCBL 0,67 2 
Parametros 0,33   2   CentroCustoIndep 0,67 1 
PlanoFuncional 0,33   0   FuncaoIndep 0,67 1 
FichaPlanoConta 0,33   2   AnaliticaIndep 0,67 1 
ContaBNC 0,33   1   TabDocCCT 0,67 2 
Moeda 0,33   1   Aquisicao 0,67 0 
MovBancos 0,33   1   LancamentoCBL 0,67 1 
MovBancosDivididos 0,33   1   DescontoFunc 0,67 1 
TabDocCCT 0,33   2   Independente 0,67 1 
TabDocVND 0,33   2   PlanoRenovacoesFunc 0,67 1 
Unidade 0,33   1   CadastroSegSocial 0,67 1 
ActIndependente 0,33   3   DescontoRem 0,67 1 
AusenciaProFunc 0,33   3   ActIndependente 0,67 1 
CadastroHoraExtra 0,33   3   ContratoTrabalho 0,67 1 
CadastroSegSocial 0,33   3   MovBancosDivididos 0,67 3 
Departamento 0,33   3   FichaPlanoConta 0,67 0 
DescontoRem 0,33   3   Series 0,60 2 
LancamentoBNC 0,33   2   FichaFuncao 0,60 0 
LancamentoCBL 0,33   2   FichaCentrosCusto 0,60 0 
LimiteIsencaoRem 0,33   3   Ficha 0,60 0 
U6 0,33   1   EntidadesContacto 0,60 3 
U12 0,33   1   Transf 0,60 3 
U13 0,33   1   Contactos 0,60 3 
Series 0,30   2   Cliente 0,60 3 
U9 0,30   0   DocLiq 0,60 3 
EAP 0,29   2   OutroTer 0,57 3 
U2 0,24   1   DocTesouraria 0,57 3 
U16 0,22   3   Pendente 0,57 3 
 
The ERP Exploratory Case 
 IV-163 
In 2012 the nodes U14 and admin presented the clustering value of 1. A group of 
nodes presented the clustering value of 0,33 and are part of different communities.  
7.3.3  Integration 
Path 
The ERP presented an average path length value of 2,167 in 2012 and a value of 
1,979 in 2011 as illustrated in the Table 7.10. The Value form 2011 to 2012 
increased resulting in a reduction of the integration. 
Table 7. 10 The ERP’s 2011 Average path length measurement. 
2011   2012   
Measuring Metric  Measurement Measuring Metric  Measurement 
Integration Average  
Path Length 
1,979 Integration Average  
Path Length 
2,167 
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Closeness 
 
Figure 7. 3 ERP’s 2011 closeness topology. 
The topology of ERP 2011 closeness illustrated in the Figure 7.3 presented a set of 
nodes with relevant closeness. The diameter of the circle relates with the value of the 
closeness. Higher values of closeness determines higher circle diameter. The 
closeness topology presented the nodes EAP and RHP with higher diameter.  
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The Table 7.11 extends the presented closeness topology by illustrating nodes 
closeness values. Moreover, presented the also the nodes MovBancos, Moeda, 
DocumentosCBL, CentroCustoIndep, FuncaoIndep, AnaliticaIndep, TabDocCCT, 
Series, Aquisicao and Diarios with higher closeness value. Closeness presented for 
2012 the nodes admin, EAP, U16, U14, Unidade, U13, Parametros, U6, U9, Moeda 
and U2 with higher values. Moreover, a set of nodes presented the same values.  
Table 7. 11 The ERP’s 2011 and 2012 closeness centrality measurements. 
2011                                             2012 
Node Closeness  Node Closeness  
EAP 2,44 admin 2,73 
MovBancos 2,26 EAP 2,69 
Moeda 2,25 U16 2,60 
DocumentosCBL 2,22 U14 2,57 
CentroCustoIndep 2,21 Unidade 2,53 
FuncaoIndep 2,21 U13 2,52 
AnaliticaIndep 2,21 Parametros 2,49 
TabDocCCT 2,19 U6 2,45 
Series 2,17 U12 2,45 
Aquisicao 2,15 U9 2,44 
Diarios 2,15 Moeda 2,43 
RHP 2,15 U2 2,42 
LancamentoCBL 2,12 U7 2,40 
DescontoFunc 2,12 U4 2,39 
Independente 2,12 U15 2,39 
ArtigoResiduo 2,10 FichaPlanoConta 2,29 
PlanoRenovacoesFunc 2,07 ActIndependente 2,29 
CadastroSegSocial 2,07 AusenciaProFunc 2,29 
DescontoRem 2,07 CadastroHoraExtra 2,29 
ActIndependente 2,07 CadastroSegSocial 2,29 
ContratoTrabalho 2,07 Departamento 2,29 
MovBancosDivididos 2,07 DescontoRem 2,29 
FichaPlanoConta 2,06 LimiteIsencaoRem 2,29 
AltMensalRemuneracao 2,04 U8 2,29 
CadastroFalta 2,04 ContaBNC 2,26 
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The topology of the 2012 ERP (Figure 7.4) presented a set of nodes with relevant 
closeness.  
 
 
Figure 7. 4 The ERP’s 2012 closeness topology. 
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7.3.4  Centrality 
Degree 
The topology of the 2011 ERP (Figure 7.5) presented a set of nodes with relevant 
degree. The ERP degree topology for 2011 presented the nodes M, A, R, GCP, U5, 
U11, U3, U1 and RHP with the higher closeness values.  
 
 
Figure 7. 5 ERP’s 2011 degree topology. 
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The table 7.12 illustrates the degree measurements for the years of 2011 and 2012. 
The nodes A, M, GCP, RHP, U5, R, U15 in 2011 presented the higher values, 55, 41, 
37, 35, 33, 28 and 27, respectively. In 2012 the nodes that presented the higher 
values are the nodes, A, M, U1, R, GCP, U5 and RHP with the values of 61, 46, 39, 
39, 34, 32 and 31, respectively. 
Table 7. 12 The ERP’s 2011 and 2012 degree measurements. 
2011                                2012 
Node Degree Node Degree 
A 55 A 61 
M 41 M 46 
GCP 37 U1 39 
RHP 35 R 39 
U5 33 GCP 34 
R 28 U5 32 
U15 27 RHP 31 
U3 27 U3 26 
U11 22 U11 22 
U8 18 U8 17 
CBL 17 U4 14 
Movimentos 11 CBL 14 
ArtigoMoeda 11 ArtigoMoeda 11 
Artigo 10 Movimentos 11 
U16 9 U7 11 
U4 9 U9 11 
NumeradoresDiarios 9 Artigo 10 
ArtigoResiduo 9 U2 10 
 
The nature of the 2012 ERP degree is visible in the topology. The Figure 7.6 
illustrates the topology. The higher values for the nodes are reproduced in the 
topology. 
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Figure 7. 6 ERP’s 2012 degree topology. 
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7.3.5  Betweenness 
The topology of the 2011 ERP betweenness presented the nodes M, A, R, U1, RHP 
and GCP as some of the relevant ones (Figure 7.7). 
 
 
Figure 7. 7 The ERP’s 2011 betweenness topology. 
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The Table 7.13 extends that relevance through presenting the measures for each of 
the evaluated years (2011 and 2012) and the higher values. 
In 2011 the betweenness presented the nodes of A, M, U1, R, U5, GCP, RHP, U3 and 
U11 with the higher values, respectively, 1010,55, 521,09, 383,18, 375,39, 199,62, 
186,18, 151,70, 110,79 and 90,28. 
Table 7. 13 The ERP’s 2011 and 2012 betweenness measurements. 
2011                                 2012 
Node Betweenness Node Betweenness 
A 1010,55 A 1173,94 
M 521,09 M 543,27 
U1 383,18 GCP 453,15 
R 375,39 RHP 442,46 
U5 199,62 U5 340,64 
GCP 186,18 R 234,07 
RHP 151,70 U3 210,83 
U3 110,79 U11 179,46 
U11 90,28 U15 106,22 
U8 36,77 CBL 96,77 
CBL 24,12 ArtigoMoeda 58,44 
U4 19,18 Movimentos 57,81 
U9 18,10 Cliente 53,34 
U7 10,33 Artigo 46,69 
U2 6,64 CentrosCusto 42,51 
EAP 6,33 Projectos 40,97 
 
In 2012 the betweenness presented the nodes of A, M, GCP, RHP, U5, R, U3, U11, 
U15 and CBL with the higher values, respectively, 1173,94, 543,27, 453,15, 442,46, 
340,64, 234,07, 210,83, 179,46, 106,22 and 96,77. It is visible a change of the 
values for some of the higher values in 2011 namely the value of nodes GCP and RHP 
that increased and the value of the R that decreased. Moreover, the node CBL in the 
year 2012 presented a value higher than the node U11 in the year 2011. 
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Figure 7. 8 The ERP’s 2012 betweenness topology. 
 
The topology of the 2012 ERP betweenness presents the nodes A, R, M, RHP and 
GCP as some of the most relevant (Figure 7.8). The topology makes visible the 
measurement of the Table 7.13. 
The ERP Exploratory Case 
 IV-173 
7.3.6   Resilience 
Degree Distribution 
The degree distribution of the ERP follows a scale-free degree distribution in the two 
evaluated years (2011, 2012). The Figures 7.9 and 7.10 illustrates the presented 
degree distribution measurement for each of the years. 
 
Figure 7. 9 The ERP’s 2011 degree distribution. 
 
Figure 7. 10 The ERP’s 2012 degree distribution. 
Chapter 7 
 IV-174 
7.4   Lesson Learned 
Resorting to the profiling framework models and measurements exposed the 
emergent virtual organization of the ERP exploratory case. The scattered 
observations of the topology models of each dimension and the measurements 
stressed out pertinent issues.  
Among several issues detected are the following:  
• There is a need to add organizational semantics to the models and 
measurements from which depends the inference decisions regarding the 
drive of the information systems similar to the exploratory case of Chapter 
6. 
• The inexistence of an updated structural description of the ERP where for 
example solutions resulting from customizations are not structurally 
described. 
With those issues in mind some answer can be given to the proposed questions. The 
lessons learned are only possible due to the knowledge that the researcher had of the 
organization use of the ERP. In a practical use of the profiling framework the lessons 
learned resulted from the results discussion in the studied organization with a group 
of resources that knows the context. 
The answer to the first question is inferred from the communities’ topology. In the 
communities topology for the years of 2011 and 2012 emerged four communities. 
Those four communities represented each of the structural packages of the ERP, 
respectively the GCP, EAP, RHP and CBL. The profiling framework modeled and 
measured the emergent virtual organization as structurally determined by the ERP 
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packages. Another relevant lesson is that the U type nodes (representing the users) 
are limited in their ability of clustering. This is consistent with the research regarding 
ERP as constraint of the users enactment (Boudreau, 2003; Bueno & Salmeron, 
2008). 
The described emergent virtual organization presented a structure semantically 
related with the ERP structural and functional behavior. The answer to the first 
question is then that the profiling framework through the segregation dimension is 
able to define the virtual organization emergent profile (VOEP) and in that way 
characterize the organizational “HOW” from the sociomaterial enactment logs.  
This conclusion is related with other research such as (Tyler, Wilkinson & Huberman, 
2003; Vespignani, 2009) (Candia et al., 2008; Hidalgo et al., 2007) where the 
communities are able to uncover the emergent dynamics of the sociomateriality. 
The modelling and measure of the ERP in two different moments presented the 
answer to the second question. The measures and models of integration through the 
average path length and closeness presented a topological and quantified vision of the 
sociomateriality relationships in the ERP. The integration provides the understanding 
of the path necessary to the enactment to occur.  
From the years 2011 to 2012 the average path length increased. Moreover the 
closeness centrality of the nodes changed substantially. The nodes facilitating the 
access to information are completely different. Through this is possible to infer that 
the sociomaterial enactment changed. That is a fact. The organization users of the 
ERP changed. The user U1 leaved the organization and with this leaving the alignment 
between the ERP as technology and the business decreased as illustrated by the 
increase of the average path. A drive evolution of the ERP should be to correct this 
change. 
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The other dimension, the centrality presented the nodes A and M in the two years with 
to be the ones with higher degree and betweenness. These nodes represent in the 
ERP system recorded information actions relatively to the alterações (A) and 
movimentos (M). In the year of 2012 the nodes GCP and RHP assumed a higher 
relevance in the betweenness. This relevance indicated that the core of the 
information flow is managed by these two packages.  
The last dimension, resilience allows the visibility over the ability of the emergent 
virtual organization to deal with change. The measurement of resilience presented a 
scale-free behaviour. This is consistent with works regarding the study of the 
technological networks (Barabasi, 2005; M Newman, 2010) but the is the first time 
that and ERP solution is characterized in this perspective. 
The core property of a scale-free is its resilience against random error. If nodes are 
removed randomly other types of networks will fragment, eventually, into smaller 
networks or individual nodes. This allows the inference of the ability of the ERP to 
evolve and improve its business alignment by attaching new solutions. This is 
consistent with the modern ERP systems that are built from loosely coupled structures 
to allow easy adaptations and evolutions mostly related with need for agility (Goodhue, 
Chen, Boudreau, Davis & Cochran, 2009). 
7.5   Conclusions 
It has long been recognized that technologies are often not used as designed or 
intended. Although an implementation may be considered a technological success, it 
is risky for any project leader to presume how the new technology will be used, 
particularly if the technology is a complex one such as an ERP system. This use study 
reveals that, although organizational members made use of the system, their use is 
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often quite limited by the social context, and, therefore can reduce their efficiency on 
the job.  
In this exploratory study we have defined a complex-network construction based on 
ERP packages, modules, users and operations. Such an order seems to make logical 
sense if we want to study the information systems enactment based on ERP 
technology. However, information system enactment in the context of a company may 
not resemble information system enactment of one information system. We believe 
that the conceptual abstraction (e.g. functional models) emerging through the profiling 
framework analysis of the IT use of an information system is scalable to the whole 
information system ecosystem. 
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8 
The Web Portal Exploratory Case 
 
8.1   Introduction 
This chapter examines the Web Portal information system exploratory case of chapter 
4 through the profiling framework presented in the chapter 5. This analysis starts with 
the description of the sociomaterial virtual breeding environment (SVBE) as a 
complex-network. Moreover, focuses in the discovery of the virtual organization 
emergent profile (VOEP), from the enactment recorded into the Web portal logs raw 
data.  
The questions are:  
• Can the defined profiling framework achieve the Web Portal “HOW” from its 
technological enactment logs?  
• Do the results make possible to infer the alignment?  
Chapter 8 
 IV-182 
The process starts through the definition of the SVBE that in this case is the Web 
Portal enactment defined as an organizational management tool. The enactment is 
represented into the logs of the Web Portal Http Server and after the data 
transformation to produce an edge list that represents the enactment as a complex-
network, is used as input for the profiling framework. 
8.2   Data Transformation 
As described in the framework it is necessary a data transformation process for the 
assembling of the edge list. The collected raw data structure is illustrated in the Table 
8.1. 
Table 8. 1 A Web Portal raw data summary. 
IP   Date  Operation   URL Browser 
192.1
68.25
4.21 - - 
[15/Jul/
2012:10:
07:25 
+0
10
0] 
POST 
/Scheduler/edit_entry_handler.
php HTTP/1.1 
3
0
2 
14
0 
https://xxxxxxxxx/Scheduler/edit_entry.
php?spn=1&date=20120717&user=LEIC
ASP2A&v=&qtype= 
Mozilla/5.0 (Windows NT 6.0) 
AppleWebKit/536.11 (KHTML, like Gecko) 
Chrome/20.0.1132.57 Safari/536.11 
192.16
8.254.2
1 - - 
[15/Jul/
2012:10:
07:26 
+0
10
0] 
GET 
/Scheduler/images/arrowl.gif 
HTTP/1.1 
2
0
0 
96
0 
https:// xxxxxxxxx 
/Scheduler/month.php?rid=1&date=2
0120717&xport=&xid=59289 
Mozilla/5.0 (Windows NT 6.0) 
AppleWebKit/536.11 (KHTML, like Gecko) 
Chrome/20.0.1132.57 Safari/536.11 
192.16
8.254.2
1 - - 
[15/Jul/
2012:10:
07:48 
+0
10
0] 
GET 
/Scheduler/edit_entry.php?user
=LEICASP2A&date=20120715 
HTTP/1.1 
2
0
0 
27
55
2 
https:// xxxxxxxxx 
/Scheduler/month.php?rid=1&date=2
0120717&xport=&xid=59289 
Mozilla/5.0 (Windows NT 6.0) 
AppleWebKit/536.11 (KHTML, like Gecko) 
Chrome/20.0.1132.57 Safari/536.11 
 
The data transformation process resulted in the edge list described in the Table 8.2. It 
is achieved trough the execution of the data transformation process of the profiling 
framework, and returned as nodes, the values of the IP address, the element after the 
first “/” as package and element after the second “/” as the module. Those defined 
nodes are marked with different colour in the Table 8.1. 
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Table 8. 2 The Web Portal edge list summary. 
Node Node 
192_168_0_55 App 
192_168_2_123 Bioproject 
192_168_2_17 CCGenProject 
192_168_0_43 CCP10 
192_168_2_8 Scheduler 
192_168_2_8 Scheduler 
192_168_2_8 Scheduler 
Index Real-TimePCR 
Index Real-TimePCR 
 
From this data transformation resulted an undirected complex-network with 749 
nodes and 6636 links illustrated in the Table 8.3 that characterizes the VBE context. 
Table 8. 3 The context of the Web portal network. 
Measuring Measures  Values 
Context Nodes 749 
 Links 6636 
 Type Undirected 
 
After the production of the edge list it can be used as input for the Gephi tool to 
produce the complex-network measures and models of the enactment. 
8.3   Results 
8.3.1  Segregation 
Communities 
Through communities measurement emerged nine communities illustrated in the 
Table 8.4. Two of the communities, the communities 5 and 8, presented a value of 
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more than 83% of the overall topology, with values of 52,2% and 31,24% respectively. 
The communities 6, 2 and 4 presented values, 6,81%, 4,54% and 3,74% respectively. 
The community 1 presented a value of 0,67%. Finally, the communities 7, 3 and 0 
presented the same value, 0,27% 
Table 8. 4 The Web Portal communities’ measurements. 
Measuring Measures  Values 
Communities 
 
 
Each colour represents a different community to facilitate the overall view of the 
topology and to make possible the identification of each community more easily. 
Tables 8.5 and 8.6 illustrate the topology of the communities. The number of 
resulting communities made necessary their separation in two tables. The Table 8.5 
illustrates the Web Portal global topology and the topology of communities 5, 8, 4 and 
6. The Table 8.6 illustrates the remaining communities, the communities 2, 1, 7, 3 
and 0. The topology is zoomed to facilitate the visualization of the nodes. However, in 
some cases that is not completely achieved. 
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Table 8. 5 The Web Portal communities’ topology filtered from the global topology. 
Community 5 
 
Global Topology 
 
Community 4 
 
Community 8 
 
 
Community 6 
192_168_254_21
193_137_38_14
192_168_0_55
App
192_168_2_159
192_168_0_217
192_168_2_139
192_168_2_19192_168_2_201
192_168_1_248
192_168_0_191192_168_2_123
Bioproject
192_168_2_17
CCGenProject
192_168_0_43
CCP10
192_168_1_67
192_168_2_125
192_168_2_230
192_168_1_247
192_168_0_185
192_168_2_16
192_168_0_245
192_168_2_77
192_168_1_145
192_168_0_160
192_168_2_48
192_168_0_223
192_168_0_136
192_168_0_240
192_168_0_138
192_168_2_224
192_168_2_147
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fileadmin
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192_168_0_228
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GestaoIdentidades
192_168_2_154
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External
192_168_0_124
192_168_0_164
192_168_0_157
192_168_0_113
192_168_0_195
192_168_1_75
index
192_168_2_32
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The community 5 presented stronger links between the nodes, home, HOME, index 
and Portal. The community 8 presented stronger links between the nodes month, 
select_resource and login. The community 6 presented stronger links between the 
External, typo3, phpmyadmin and 192_168_0_195. The community 4 presented in 
the topology a stronger link between Sec and Phone_book. 
In the Table 8.6 the community 2 presented a stronger link between the nodes help, 
fileadmin, viewtickets and UP3. The community 1 presented a stronger link between 
the nodes Main and CCP10. The communities 3, 7 and 0 with only two nodes 
presented strong links between the nodes, respectively, Eventos and GestaodeEventos, 
Jsp and gem, App and DddWrapper. 
Table 8. 6The Web Portal communities’ topology continuation. 
 
Community 2 
 
Community 1 
 
Community 3 
 
 
Community 7 
 
 
Community 0 
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The Table 8.7 gives an extended illustration of the communities’ nodes. 
Table 8. 7 An extended illustration of the communities’ nodes. 
Communities 
0 1 2 3 4 5 6 7 8 
DddWrapp
er 
RequestIte
ms Viewtickets 
GestaoE
ventos SecExternal ZeissImagerZ1 user_handler JSP 192_168_0_55 
App Main up3 Eventos Sec 
ZeissAxiovert20
0M typo3conf gem 192_168_2_19 
 
CCP10 SEC 
 
Phonebook ZeissAxioSkop typo3 
 
192_168_0_191 
 
192_168_
0_245 OHS 
 
phone_book ZeissAxioskop tbl_structure 
 
CCGenProject 
 
192_168_
0_223 Manuals 
 
GestaoIdentidades WorkShops tbl_select 
 
192_168_0_185 
  
ISD 
 
Gest√£odeEventos User tbl_row_action 
 
192_168_2_7 
  
192_168_2_185 
 
192_168_2_151 SUIM sql 
 
192_168_1_197 
  
192_168_2_161 
 
192_168_2_144 Staff server_privileges 
 
192_168_0_34 
  
192_168_2_141 
 
192_168_2_127 Software querywindow 
 
192_168_2_66 
  
192_168_2_129 
 
192_168_2_110 SMB phpmyadmin 
 
192_168_0_35 
  
192_168_1_67 
 
192_168_1_69 
ShimadzuUV-
2401PC navigation 
 
192_168_1_242 
  
192_168_1_55 
 
192_168_1_32 Services move_el 
 
192_168_2_231 
  
192_168_1_250 
 
192_168_1_146 SECDIR main 
 
192_168_0_80 
  
192_168_0_99 
 
192_168_1_141 ScienceStuff listframe_loader 
 
192_168_2_35 
  
192_168_0_98 
 
192_168_0_30 
SchedulerServic
es 
Gest√£odecandid
aturas 
 
192_168_1_208 
  
192_168_0_85 
 
192_168_0_253 RotorsandTubes External 
 
192_168_2_0 
  
192_168_0_69 
 
192_168_0_231 RoomID ext 
 
192_168_1_222 
  
192_168_0_36 
 
192_168_0_22 Resources db_structure 
 
192_168_0_161 
 
8.3.2  Clustering 
The clustering topology of the Figure 8.1 presented nodes with similar clustering. The 
diameter of the circle relates with the value of the clustering. Higher values of 
clustering determines higher circle diameter. 
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Figure 8. 1 The Web Portal clustering topology. 
The overall clustering presented a value of 0,305. The Table 8.8 illustrates the 
clustering measurement for a limited number of the nodes. A high number of nodes 
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presented a value of 1. The columns of the Table 8.8 illustrate the node, the 
clustering value and the community (N=Node, C=Clustering, Co=Community). 
Table 8. 8 A Web Portal clustering measurements summary. 
N C Co  N C Co  N C Co  
Bioproject 1,00 5 
 
Layout 1,00 5 
 
192_168_1_191 0,67 5 
 CCGenProject 1,00 8 
 
Blog 1,00 5 
 
192_168_2_156 0,67 5 
 192_168_1_245 1,00 5 
 
Fellowships 1,00 8 
 
192_168_1_49 0,67 5 
 192_168_0_39 1,00 5 
 
Recruitment 1,00 5 
 
192_168_3_13 0,67 5 
 192_168_0_156 1,00 5 
 
Otherusefulinformation 1,00 5 
 
192_168_2_214 0,67 5 
 192_168_2_160 1,00 5 
 
Gest√£odecandidaturas 1,00 6 
 
192_168_2_178 0,67 5 
 192_168_1_244 1,00 5 
 
CE`sminutes2010 1,00 5 
 
192_168_0_132 0,67 5 
 192_168_1_81 1,00 5 
 
Euthanasiaguidelines 1,00 8 
 
192_168_0_163 0,67 5 
 192_168_1_76 1,00 5 
 
Mice 1,00 8 
 
192_168_1_144 0,67 5 
 192_168_2_56 1,00 5 
 
Training 1,00 8 
 
192_168_0_79 0,67 5 
 institute 1,00 5 
 
MicroCalVP-ITC 1,00 5 
 
192_168_2_171 0,67 5 
 mod 1,00 5 
 
open-positions 1,00 5 
 
JSP 0,67 7 
 192_168_2_81 1,00 8 
 
resource 1,00 5 
 
192_168_1_56 0,67 8 
 192_168_2_209 1,00 8 
 
db_create 1,00 6 
 
typo3conf 0,67 6 
 192_168_2_150 1,00 8 
 
db_export 1,00 6 
 
uploads 0,67 5 
 192_168_2_151 1,00 4 
 
db_qbe 1,00 6 
 
Eventos 0,67 3 
 192_168_0_216 1,00 4 
 
db_search 1,00 6 
 
Management 0,67 5 
 Bioterio 1,00 5 
 
querywindow 1,00 6 
 
Manuals 0,67 2 
 Services 1,00 5 
 
tbl_alter 1,00 6 
 
Research 0,67 5 
 AdminReal-TimePCR 1,00 5 
 
tbl_create 1,00 6 
 
GeneralUsagePolicy 0,67 5 
 Documentation 1,00 5 
 
tbl_export 1,00 6 
 
OngoingInitiatives 0,67 5 
 AdminReal-TimePCR2 1,00 5 
 
tbl_replace 1,00 6 
 
Technologies 0,67 5 
 AdminNanodrop 1,00 5 
 
publications 1,00 5 
 
About 0,67 5 
 Genotyping 1,00 5 
 
research-facilities 1,00 5 
 
Freezedryer 0,67 5 
 Equipment 1,00 5 
 
add_notify 1,00 8 
 
AKTAPurifier10 0,67 5 
 AKTAprimeplus 1,00 5 
 
help_edit_entry 1,00 8 
 
AndorRevolution 0,67 5 
 Bio-RadSmartSpec3000 1,00 5 
 
search 1,00 8 
 
ZeissAxioskop 0,67 5 
 Quickmicroscopestartu
pguides 1,00 5 
 
user_handler 1,00 6 
 
HoribaFluoroMax-4 0,67 5 
 Gripe 1,00 5 
 
Year 1,00 8 
 
CE`sminutes2011 0,67 2 
 Confocal 1,00 5 
 
move_el 1,00 6 
 
Catalog 0,67 5 
 Seminars 1,00 8 
 
Ext 1,00 6 
 
Euraxess 0,67 5 
 Experimentdesign 1,00 5 
 
media 1,00 5 
 
List 0,67 5 
 Cellgrowth 1,00 5 
 
Pics 1,00 5 
 
AdminVectors 0,67 5 
 BCN 1,00 5 
 
193_137_38_14 0,67 5 
 
Procedures&Guidelines 0,67 5 
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Purification 1,00 5 
 
GestaoEventos 0,67 3 
 
Listofrequestedmaterials 0,67 5 
  
8.3.3  Integration 
Path 
The Web Portal presented an average path length value of 2,176 as illustrated in the 
Table 8.9. 
Table 8. 9 The Web Portal integration measurement result. 
Measuring Metric  Measurement 
Integration Average Path Length 2,176 
 
The topology of closeness illustrated in the Figure 8.2 presented a set of nodes with 
relevant closeness. The diameter of the circle relates with the value of the closeness. 
Higher values of closeness determines higher circle diameter. The closeness topology 
presented the nodes gem, sec, eventos, help, gestaodeventos, bioterio and 
open_positions with higher diameter. The Table 8.10 extends the presented closeness 
topology by illustrating nodes closeness values. 
Moreover the closeness topology presented a strong link between the nodes Sec and 
phone_book, as illustrated in the Figure 8.2. 
The Table 8.10 presented the nodes 192_168_2_151, 192_168_0_216, institute, 
open-positions, ext, Bioproject, Bioterio, JSP, gem, GestaoEventos and Eventos with 
closeness values of 3,18, 3,18, 3,16, 3,16, 3,09, 3,06, 3,06, 3,05, 3,05, 3,04 and 
3,04 respectively. 
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Figure 8. 2 The Web Portal closeness topology. 
The nodes ISD, OtherequipmentsofINEB, view_entry, OnlineBooking, UP3, PhoneBook, 
CCGen, scheduler, AdvancedLightMicroscopy, edit_entry, login, Purchases, Resources, 
month, Portal, select_resource, Scheduler, HOME and Index presented the smallest 
values (Table 8.10). 
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Table 8. 10 A Web Portal closeness measurements summary. 
Node Closeness 
 
Node Closeness 
 192_168_2_151 3,18 
 
tbl_select 2,91 
 192_168_0_216 3,18 
 
db_structure 2,90 
 institute 3,16 
 
sql 2,90 
 open-positions 3,16 
 
tbl_structure 2,89 
 ext 3,09 
 
main 2,89 
 Bioproject 3,06 
 
navigation 2,89 
 Bioterio 3,06 
 
mod 2,86 
 JSP 3,05 
 
resource 2,86 
 gem 3,05 
 
media 2,86 
 GestaoEventos 3,04 
 
pics 2,86 
 Eventos 3,04 
 
uploads 2,86 
 db_create 3,03 
 
research-facilities 2,86 
 tbl_create 3,03 
 
research-groups 2,86 
 publications 3,02 
 
research 2,86 
 typo3conf 3,01 
 
ISD 2,00 
 db_export 3,01 
 
OtherequipmentsofINEB 1,99 
 CCGenProject 3,00 
 
view_entry 1,98 
 tbl_addfield 3,00 
 
OnlineBooking 1,97 
 db_qbe 2,99 
 
UP3 1,97 
 db_search 2,98 
 
PhoneBook 1,95 
 querywindow 2,98 
 
CCGen 1,91 
 move_el 2,97 
 
scheduler 1,90 
 tbl_replace 2,96 
 
AdvancedLightMicroscopy 1,88 
 tbl_alter 2,95 
 
192_168_254_21 1,87 
 tbl_export 2,95 
 
edit_entry 1,86 
 server_privileges 2,95 
 
login 1,83 
 listframe_loader 2,95 
 
Purchases 1,83 
 alt_menu 2,94 
 
Resources 1,73 
 alt_toplogo 2,94 
 
month 1,72 
 alt_topmenu_dummy 2,94 
 
Portal 1,69 
 tbl_row_action 2,94 
 
select_resource 1,68 
 tbl_change 2,93 
 
Scheduler 1,55 
 alt_db_navframe 2,93 
 
HOME 1,45 
 alt_doc 2,93 
 
index 1,17 
 
The Web Portal Exploratory Case 
 IV-193 
8.3.4  Centrality 
Degree 
The topology of degree illustrated in the Figure 8.3 presented a set of nodes with 
relevant degree. The size of the letter relates with the value of the degree. A higher 
value of degree determines higher letter size. 
 
Figure 8. 3 The Web Portal degree’s topology. 
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The degree topology presented the higher degree values for the nodes, Resources, 
AdvancedMicroscopy, Purchases, HOME, edit_entry, Portal, selected resources, 
scheduler, month, login, index, phonebook and view_entry. The Table 8.11 illustrates 
the degree topology by presenting additional nodes’ degree values. 
Table 8. 11   A Web Portal degree’s measurements summary. 
Node Degree 
 
Node Degree 
 Index 631 
 
192_168_0_129 32 
 HOME 437 
 
phpmyadmin 32 
 select_resource 370 
 
NetworkPrinters 32 
 Scheduler 350 
 
192_168_1_48 30 
 Month 340 
 
192_168_0_232 30 
 Portal 266 
 
192_168_2_69 29 
 Login 266 
 
Viewtickets 29 
 edit_entry 245 
 
192_168_0_113 28 
 Resources 234 
 
192_168_1_126 28 
 Scheduler 230 
 
192_168_0_238 27 
 phone_book 201 
 
192_168_0_97 27 
 Sec 199 
 
192_168_5_200 26 
 Purchases 175 
 
192_168_0_48 26 
 view_entry 164 
 
192_168_2_23 25 
 192_168_254_21 139 
 
192_168_2_66 25 
 AdvancedLightMicroscopy 133 
 
192_168_1_219 25 
 CCGen 129 
 
192_168_0_94 25 
 Event 110 
 
192_168_2_17 24 
 edit_entry_handler 98 
 
192_168_0_110 24 
 UP3 88 
 
192_168_0_158 24 
 OnlineBooking 87 
 
192_168_2_128 24 
 PhoneBook 81 
 
192_168_2_241 24 
 Fileadmin 74 
 
192_168_0_185 23 
 Schedule 73 
 
192_168_0_36 23 
 OtherequipmentsofINEB 58 
 
192_168_0_42 23 
 ISD 55 
 
192_168_0_80 23 
 Real-TimePCR 49 
 
192_168_0_161 23 
 Projects 45 
 
192_168_0_195 23 
 HEMS 44 
 
192_168_1_61 23 
 Help 43 
 
192_168_1_234 23 
 Home 42 
 
192_168_0_167 23 
 Myschedule 41 
 
192_168_0_196 23 
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8.3.5  Betweenness 
The topology of betweenness illustrated in the Figure 8.4 presented a set of nodes 
with relevant betweenness. The size of the letter relates with the value of the 
betweenness. A higher value of betweenness determines higher letter size. 
 
Figure 8. 4 The presented Web Portal betweenness topology. 
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The betweenness topology presented the nodes, Index, Scheduler and Home with the 
higher betweenness values. However the index presented dominance in the topology. 
The Table 8.12 extends the presented betweenness topology by illustrating the nodes’ 
values for the betweenness measurement. 
Table 8. 12 A Web Portal betweenness measurements summary. 
Node Betweenness 
 
Node Betweenness 
 index 126918,85 
 
192_168_1_208 733,78 
 HOME 28234,58 
 
192_168_0_239 726,63 
 Scheduler 20954,09 
 
Schedule 641,58 
 select_resource 15058,92 
 
192_168_0_185 633,79 
 192_168_254_21 12903,88 
 
typo3 563,29 
 month 11316,68 
 
192_168_0_180 539,18 
 Portal 8892,83 
 
UP3 530,00 
 scheduler 8240,78 
 
OnlineBooking 499,54 
 Resources 7061,43 
 
192_168_5_1 468,59 
 login 5856,77 
 
192_168_0_139 445,15 
 phone_book 5644,30 
 
192_168_0_124 423,69 
 Sec 5249,53 
 
External 415,59 
 edit_entry 4975,16 
 
OtherequipmentsofINEB 399,15 
 Purchases 3891,75 
 
192_168_0_232 357,89 
 192_168_0_164 3723,86 
 
192_168_1_77 335,63 
 phpmyadmin 2602,25 
 
ISD 330,52 
 192_168_0_114 2459,60 
 
192_168_0_129 313,21 
 view_entry 2148,85 
 
192_168_0_142 303,25 
 192_168_1_48 2083,14 
 
192_168_5_200 276,76 
 192_168_0_195 1837,19 
 
192_168_2_146 271,41 
 192_168_1_126 1761,90 
 
192_168_0_77 263,37 
 192_168_0_97 1681,73 
 
192_168_0_183 246,36 
 192_168_0_113 1606,56 
 
192_168_2_158 220,37 
 192_168_2_123 1554,47 
 
Projects 218,87 
 CCGen 1544,04 
 
192_168_0_161 215,70 
 192_168_0_168 1505,39 
 
Home 214,19 
 192_168_2_80 1492,06 
 
192_168_0_240 213,45 
 AdvancedLightMicroscopy 1467,39 
 
192_168_0_80 199,43 
 192_168_0_133 1284,72 
 
192_168_2_0 190,91 
 192_168_0_157 1181,39 
 
Real-TimePCR 188,96 
 event 1002,54 
 
192_168_2_19 182,47 
 192_168_0_231 929,28 
 
192_168_2_241 172,11 
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8.3.6  Resilience 
Degree distribution 
The degree distribution of the portal follows a scale-free degree distribution. The 
Figure 8.5 illustrates the presented degree distribution measurement. The higher 
degree values are concentrated in the nodes of the interval between 0 and 50. A few 
set of nodes presented the higher overall of the degree. 
 
Figure 8. 5 The Portal degree distribution topology. 
8.4   Lessons Learned 
Resorting to the profiling framework models and measures revealed the emergent 
virtual organization of the exploratory case. The scattered observations of the topology 
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models of each dimension and the measurement made possible to stress out 
pertinent issues.  
Among several issues detected are the following:  
• The existence of a higher number of elements that presented a clustering 
value of 1, as consequence of having a degree value of 2. 
• The index node is a clear central node in the information flow and reflects 
the nature of the Web Portal technology that is historically developed 
centered in the index.html file. 
• There is a need to add organization semantics to the models and 
measurements from which depends the inference decisions regarding the 
drive of the information systems alignment similar to the other exploratory 
cases. 
• The inexistence of a structural description of the solutions added after the 
initial deployment resulting into solutions that are not structurally described 
such as the scheduler similar to the exploratory case of the Chapter 7. 
With those issues in mind some answer can be given to the proposed questions. The 
lessons learned are only possible due to the knowledge that the research has of the 
organization use of the Web Portal. In a practical use of the profiling framework the 
lessons learned resulted from the discussion of the results in the studied organization 
with a group of resources that knows the organizational context. 
The answer to the first question is inferred from the communities’ topology of the 
segregation dimension. In the communities topology emerged nine communities that 
namely represent that: 
• The phone book is managed by the Sec (Community 4). 
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• The Index, Home and Portal mostly support the user in their daily activities. 
The organizational services functional characteristics belong to one community 
(Community 5). 
• The nodes of Typo3, the CMS (Content management System), and External 
presented the community responsible for the management of the solution 
since the Typo3 is the technological support of the Web Portal (community 6). 
• The relevance of the Scheduler node and its links presented its importance 
(community 8). This is relevant since the Scheduler is responsible for the 
management of the available services. 
• The file admin, help and Up3 presented the functional behavior of the UP3 
service at the organization (community 2). 
• The main and CCP10 represented the solution responsible for the 
management of the purchasing system (community 1). This solution is 
organized in the package CCP10 with all the workflow occurring under the 
main module. 
• In the remaining communities emerged the community that deals with the 
events management (community 3), the community that used intensively the 
JSP (community 7) and a separated web App (community 0). 
The described emergent virtual organization presented a structure semantically 
related to the organizations’ functional structure. The answer to the first question is 
then that the profiling framework through the segregation dimension is able to define 
the emergent virtual organization and in that way characterize the organizational 
“HOW” from the sociomaterial enactment logs.  
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This conclusion is related to other research such as (Tyler et al., 2003; Vespignani, 
2009) (Candia et al., 2008; Hidalgo et al., 2007) where the communities are able to 
uncover the emergent dynamics of the sociomateriality. 
The answer to the second question is inferred from the dimensions of integration and 
centrality. The measure and modeling of integration trough the average path length 
and closeness presented a topological and quantified vision of the relationship 
between the information systems sociomateriality. The integration provides the 
understanding of the path necessary to the enactment to occur. With that understand 
the effect in what can be considered the initial value for alignment (corresponding to 
the first measurements of the integration) can be compared after adding new 
elements. It allows inferring how the new element affected the integration of the 
system. 
Moreover, the integration allows the understanding of the adequacy of the structural 
relation to the functional enactment. The nodes 192_168_2_151, 192_168_0_216, 
institute, open-positions, ext, Bioproject, Bioterio, JSP, gem, GestaoEventos, Eventos 
presented the largest values, 3,18, 3,18, 3,16, 3,16, 3,09, 3,06, 3,06, 3,05, 3,05, 
3,04 and 3,04, respectively. This means that the nodes are well positioned to deal 
with information flow to the other nodes. 
Additionally, the nodes considered structural for the Web Portal presented the 
smallest values. This measuring allows the inference that they are nodes that 
functionally deal with restricted information that does not flow to the other nodes. 
However, the node index is a special case. By having the smallest value, 1,17, it 
determines that this node is not able to deal with information flow. 
It is possible to infer about the alignment when the introduction or removal of an 
element increases the path and decreases the closeness since they are inverse. The 
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drive of the alignment would represent a decreasing in the average path and an 
increasing in the closeness centrality. 
The other dimension, centrality presented the highest betweenness values to the 
nodes index, HOME, Scheduler, select_resource, month, Portal, scheduler, Resources, 
login, phone_book, Sec, edit_entry, Purchases, phpmyadmin , view_entry.  The 
result closely relates with the Web Portal organizational support. The betweenness 
value of node index is an effect of the technological web architecture, which has as its 
beginning structure the index file.  
The node phone book is relevant since that it is responsible for managing the active 
users policies in the Web Portal. This allows the inference that sociomateriality 
enactment intervention in elements with high betweenness improves the drive of 
alignment focused on few assets.  
Moreover, the Resources node is responsible for the management of the facilities that 
a user can use. They need to be subscribed in the Web Portal to be available. The 
phpmyadmin node represents the tool that is used by the administrator to manage 
the database tables that compose the system. As the interface for those tables it is 
central in their management.  
The alignment focus on the highest centrality could be more effective. With that 
understanding is possible to drive activities such as the phone book management. By 
improving the management of the phone book improve the alignment of information 
systems management of policies. This is consistent with works regarding the value of 
betweenness to the development of more adjusted solutions (Abbasi, Hossain & 
Leydesdorff, 2012). 
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The last dimension, resilience allows the visibility over the nature of the information 
systems sociomaterial enactment and emergent virtual organization ability to deal with 
change. The measurement of resilience presented Scale-free nature. This is 
consistent with works regarding the study of the technological networks (Barabasi, 
2005; M Newman, 2010).  
The core property of a scale-free complex-network is its resilience against random 
error. If nodes are removed randomly other types of networks will fragment, eventually, 
into smaller networks or individual nodes. However, the scale-free network when faced 
with random removals decays, but will not fall apart, it probably will shrink but remain 
robust. The counterpart of this is that, in a targeted nodes removal of the most 
connected nodes, will rapidly destroy the network. The profiling framework report of 
the Web Portal exploratory case develops scale-free characteristics. This allows the 
inference about the ability of the Web Portal to evolve to improve its business 
alignment. 
The profiling framework develops a holistic view of the emergent virtual organization. 
It shows that sociomateriality enactment is a fully key driver. Focusing that the 
enactment exploitation is a differentiator enhancement for verification/specification of 
information system’s enactment. Complex-Networks show that it is possible to collect 
the emergence of sociomaterial enactment. This points the modelling and measuring 
as a trigger for unique governance exploitation.  
A main limitation of the present exploratory case is that it does not compare two 
moments in time where occurred changes in the elements of the Web Portal. 
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8.5   Conclusions 
We are developing that profiling the “HOW” from the emergent virtual organizations 
that occurred through the sociomaterial enactment can provide the development of an 
augmented reality exploitation of the information system business alignment. With this 
augmented reality of the Business/IT Alignment is possible to infer proper approaches 
that can be used to drive the information systems. Moreover, presents the 
sociomaterial characteristic that allows the system to easily evolve or fail. 
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9 
Conclusions 
 
9.1   Focus of the Work 
The Business/IT Alignment is a key factor in the information systems research and in 
practical management of the information systems for the efficient use and integration of 
information on an organization. Over networked computing services the information 
systems manipulates, stores, processes and flows information, for a designed and 
planned role in the overall organizations’ sustainability. 
Loosely coupled systems and technologies have been increasingly employed in the 
business domains, trying to improve the way alignment is done or even to enable new 
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and innovative ways of carrying alignment. In the users’ domains have been increasingly 
developed acceptance models, to improve the users relationship with the technologies. 
However, information systems are still considered a "special" kind of systems resulting 
from a relationship between business technological design goals and users’ goals, that 
are not necessary the same. This will demands a completely transparent capability for 
drive the evolution of information systems by means of model and measure the 
entanglement between the technological and users. 
Considering the large number of information systems, their high heterogeneity and 
increasingly frequent change, attention is needed to drive its development. Their 
conception and development, in a flat world, must be done with a close relation with 
reality to cope with changes on the previous established design and planned decisions. 
The information systems are frequently targets for modifications due to technological 
evolutions, requirements or social changes. Its necessary to understand the 
entanglement between the technology and its users to align with the business and 
explore the potential offered by the unique combination that each organization has of 
technology and users. In particular, a sociomaterial enactment approach offers a 
potential benefit that can be applied to drive the evolution of the information systems. 
The sociomaterial enactment approaches promotes the idea that by focusing on the 
entanglement between the technological artefact and the user, one can gather a better 
information system development and evolution. This also allows for higher independence 
of technological platforms, reducing the semantic gaps, increasing the development 
productivity and promoting the longevity of technological artefacts. The sociomateriality 
approaches essentially centre the focus on the understanding of the enactment that 
results from the entanglement between technology and users as an answer to a business 
goal. 
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This thesis focus on the Business/IT Alignment, aiming to contribute to an increased 
understanding of this entanglement supported on complex-networks models and 
measures approach. This complex-networks approach assumes major importance on the 
current days since the “discovery” of the existence of large amounts of data (big data) 
available to document the social behavior. An information system produces since it early 
days a complete set of event logs that document the user assessment to technology. The 
set of definitions that complex-networks integrate can play a fundamental role in the use 
of the technology logs to understand the emergent sociomateriality enactment. Moreover 
can be a transformation from small data to big impact. 
The thesis uses three exploratory cases. The first exploratory case presented is the BPM 
(Business Process management) of a refund process implemented through a CRM 
(Customer Relationship Management) technological system. The second exploratory case 
is the ERP (Enterprise Resource Planning) constituting a software solution to improve 
organization performance and information ability. The third exploratory case is a Web 
Portal structure developed to improve organization transversal compliance with funding 
institutions. For these exploratory cases, facts are presented along with contributions, 
issues, and challenges pertinent to the alignment of information systems development on 
a complex-networks model and measures basis.  
9.2   Synthesis of Research Efforts 
The effort in the analysis of real exploratory cases whose main purpose is the 
development of aligned information systems, should be kept by the scientific community 
to allow a thoroughly understanding of the fundamental issues that sociomaterial 
enactment driven methodologies should be capable of dealing with. 
Chapter 9 
 V-212 
The work carried out and reflected in this document is achieved through the development 
of the following major activities stated in the subsequent paragraphs. 
Beginning the work, it is a presentation of an introductory context of the thematic involved, 
the goals, the strategy, contributions, and the structure of this document. After this 
introduction, several efforts are carried. 
It is performed a research on the state-of-art in the area of alignment and complex-
networks analytics. This allowed characterizing the alignment and the complex-networks 
to clarify the possibility to use the complex-networks to study alignment as sociomaterial 
enactment. It is also expressed the opportunities brought by complex-networks, either to 
improve existent sociomaterial models or to enable new models. It is revealed the 
sociomateriality enactment as an emergent virtual organization. Four dimensions to the 
understanding of the alignment as a sociomaterial enactment are introduced. A profiling 
framework incorporating the complex-networks measures and aiming to take advantage 
of their potential, deal with the characteristics, issues and challenges inherent to the 
sociomaterial is introduced. 
The exploratory cases, BPM, ERP and Web Portal, are presented. They represent three 
exploratory cases dealing with three different information systems technological basis and 
goals. For each exploratory case it is presented the business perspectives, the structural 
case, the subject selection and the data collection procedure. 
Aiming to assist in the exploratory cases analysis and, at the same time being able to be 
used for the development of new studies, are introduced new conceptions and 
conceptual framing structures to help dealing with the emergent virtual organization 
resulting from the sociomaterial enactment. The resulting knowledge from those 
conceptions, conceptual framing structures, are materialized into a development of a 
profiling framework conceived for the effect. 
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The exploratory cases are revisited in order to proceed to their analysis. Each exploratory 
case is expressed through a set of models and measures resulting from the profiling 
framework. This form of expression allowed turning graphically visible, the main activities, 
the elements, and the relationships of the sociomaterial enactment. This helps the 
understanding of the exploratory cases development process internals. The 
measurements and models are produced using a software tool to implement the profiling 
framing structures. 
9.3   Synthesis of Scientific Results 
Based on the models and measures of the profiling framework, and the analysis of the 
suitability of the approach’s to accommodate the conceptions, it is possible to stress out 
pertinent issues in the context of the drive of information systems Business/IT Alignment 
orientations. 
A methodological event logs driven orientation of sociomaterial enactment enforces clarity 
and a well-defined establishment of the complex-network models and measures for the 
information system emergent virtual organization. Avoiding some flaws or omissions on 
data transformation brings several important benefits as it can contribute for a better 
edge list quality, either structurally or functionally in the course of the profiling 
development. Solid data transformation structures easily produces process analysis, 
facilitate the adoption of efforts for optimization, make processes consistently reusable, 
allow processes to be more resilient to occasional but necessary process changes, and 
give higher confidence to users regarding processes’ quality and success.  
In the course of the data transformation process, it is assured that there are no 
misunderstandings regarding interpretation objectives, activities, elements, and the flow 
of either activities or the input/output elements. The transitions among the data 
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transformation phases is clearer, and process planning can be more complete and 
precise in the definition of its elements, which may result on better description of the 
emergent virtual organization as an edge list. 
The consideration of these issues and challenges in the context of achieving an effective 
way to drive Business/IT Alignment allows one to develop consistent and coherent efforts 
in order to improve information systems alignment. Moreover, on can expect that a 
progression towards emergent virtual organization modelling and measuring to be 
suitable. 
This thesis provides several contributions. Among these contributions are: 
• Adopting the complex-networks approach. Complex-networks allow 
representing in a suitable form the structure and function of a set of different 
relationships, allowing an analysis about their suitability for Business/IT 
Alignment development characteristics. From the analysis of the exploratory 
cases, the thesis synthesizes a set of pertinent issues pointing the complex-
networks suitability to cope with information systems alignment in a modelling 
and measuring driven approaches. It provides guidelines to the adoption of 
complex-networks approaches to understand information system alignment. It 
shows how the exploratory cases could improve the drive of the alignment by 
using the complex-network approach. 
• Business IT/Alignment dimensions. Dimensions provide a conceptual 
structure for modelling and measuring the alignment. Integrated in the profiling 
framework, the thesis proposes four dimensions, segregation, integration, 
centrality and resilience to assist in the complex-networks analysis. The 
dimension defines complex-networks measuring fundamental elements for the 
usability and application of the profiling framework.  
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• Profiling Framework. Due to the complexity of aligning information systems 
with business an approach that properly focuses the reality of the 
sociomaterial enactment, with perspectives that help to abstract their relevant 
properties can be facilitating. The complex-networks approach to alignment is 
proposed with a profiling framework that encompasses the concepts suitable 
for the model and measure driven alignment of information systems emergent 
virtual organizations. The profiling framework operationalizes the concepts 
sustained on the considered dimensions of alignment. The dimensions of 
alignment integrated measures and topological models to quantify the 
emergent virtual organizations resulting from the sociomaterial enactment. 
During this thesis, some presentations and publications were made. One of which, was 
awarded with the “Best Practical Paper Award” at the EMCIS 2013 (10th European, 
Mediterranean & Middle Eastern Conference on Information Systems). The doctoral 
proposal was presented in the Symposium for PhD students in Software Engineering, 
SEDES’2012 (J. L. Sousa, Machado & Mendes, 2012), and the publications made are: 
• Paper with the title “Modelling Organizational Information System Architecture 
Using “Complex Networks Concepts” (Sousa, J. L., Machado, R. J. & Mendes, J. 
(2012) in Proceedings of the 10th International Conference on the Quality of 
Information and Communications Technology - QUATIC’2012 (ISI, Scopus, IEEE). 
• Paper with the title “Complex-Networks model analysis for the conceptualization of 
information systems development Sousa, J. & Machado, R. J. (2013) in 
Proceedings of the 10th European, Mediterranean & Middle Eastern Conference on 
Information Systems 2013 – EMCIS’2013 (ERA Rating B). 
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Additionally, are expected further publications from this dissertation related to the results 
and conclusions of the analysis of the exploratory cases. Some of which are being 
evaluated at: 
• CENTERIS 2014, 15-17 October, Troia, Portugal 
• ISD 2014 - Transforming Organisations and Society through Information 
Systems, 2-4 September, Varazdin, Croatia 
• COOPIS - Role of community-driven and semantic IT in organizations and 
business ecosystems, 27-31 October, Amantea, Italy 
9.4   Lessons Learned 
The following paragraphs synthesize some of the lessons learned. 
No need for explicit manifestation of the “HOW”. The exploratory cases did not 
make explicitly clear in the information systems design the strategy to accommodate the 
understanding of the use of the technological systems. However, the communities that 
emerged as virtual information systems organization from the event logs are closer to the 
organization functionalities. This is observable in the exploratory case regarding the BPM 
that directly compares the results of the profiling network with the results of the process-
mining tool. The profiling framework is the first approach that can be use in order to 
understand the “HOW”. 
Ensure properly defined elements.  
The use of the profiling framework to understand the information system from the 
emergent virtual organization of sociomaterial enactment facilitates the alignment in 
order to correct mistakes or poorly defined elements. The attention given to it is the belief 
that they are the core level trough which is possible to assure that the process is well 
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defined in order to pursuit, at higher levels, the goals of alignment driven development. A 
profiling framework like the described can be used to drive the information system 
alignment. 
Formalize of information flow and centrality of elements. 
Without having a coherent, consistent, and clear formalization of the several 
sociomaterial enactment constituents’ elements, it will not be possible to establish, with 
an acceptable quality, an alignment driven development. Without the existence of 
coherently interconnected and precise elements, it is hard, even impossible, to a large 
extent and depth of the process to achieve an alignment driven information systems 
orientation. This is consequence of the difficulties in: (i) incorporating new technologies or 
optimizing the existing ones; (ii) reorganizing or redefining the entanglement in order to 
pursuit a clearer and enhanced alignment driven.  
Emerging virtual organizations continuity/visibility.  
How different is the functional structure from the designed driven information systems? 
When does an entanglement go from being aligned to being changed? Towards the 
answers to these questions, it is suggested that alignment extension and depth can be 
made visible in the profiling framework models and measures, allowing one to rationalize 
the decisions about the robustness of the emergent virtual organizations suitability 
regarding its use on a alignment driven orientation.  
So, to enhance emergent virtual organization visibility, it is needed to pay attention to the 
sociomaterial enactment and its realization and flow through models and measurements. 
This perspective allows through modelling and measuring the materialization of the 
concept of an alignment driven visibility through an emergent virtual organization. 
Visibility is expressed in the profiling framework model trough resilience. This concept 
constitutes a tool that can assist an approach to route analysis or optimization. 
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Emergent virtual organization in order to properly support the profiling 
framework.  
The elements and the way they are linked n order to be evaluated as complex-networks 
have a positive impact in the way the complex-network copes with the heterogeneity of 
the sociomaterial enactment. Then the proposed approach provides assisting techniques 
to deal with the characteristics such as heterogeneity of elements and changing 
functionalities. The knowledge discovery from databases (KDD) constitutes a 
transformation standard that helps to define the elements and the functional links. 
9.5   Future Work 
This modelling and measuring of the information systems using the profiling framework 
uncovers the emergent virtual organization under sociomateriality enactment allowing the 
information systems practitioner to understand objectively the “HOW”. With that it can 
allow evidence-based rationalization of the information system to support the 
organizational context. This is an information systems alignment based in the functional 
management in approach to transform data logs of the technology use into models. 
Moreover, demonstrates that the profiling framework dimensions allow the understanding 
of the “HOW” and infers about the drive of the development to augment the alignment 
reality. Moreover, profiles that different users even with the same tasks operate the 
technological system differently. Additionally, points out new light to fundamental works 
of Orlikowsky (Orlikowski, 1992; 2007), Alter S. (Alter, 2010),Venkatesh (Venkatesh & 
Goyal, 2010; Venkatesh, Brown, Maruping & Bala, 2008) and Myers (E. Wang et al., 
2012) by extending the understanding of the phenomenon of entanglement between 
social behavior and technology. 
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In a vision of profiling the information systems alignment driven development through 
complex-networks modelling and measuring, several issues can be further explored, 
namely:  
• Further formalization of the profiling framework and conceptions, providing 
suitable representation of sociomaterial enactment and functional profiles 
instantiation.  
• Further exploration of the profiling framework operationalization. 
• Integrate with possible transformation activities/techniques that can be used to 
make this models and measurements used as input for moving from hard coded 
alignment to emergent adaptation. 
Can the development initiatives of the information systems alignment be more effective 
as a result of the profiling framework? One could argue that they can because, without 
knowing the existing information flow, “only” by modelling and measuring the 
sociomaterial enactment we can trace an image of the organizational entanglement. It is 
an approach from small data to big impact where the information systems entanglement 
can change “everything”. 
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